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March 26, 1975

Mr. Frank Pavlich, Chief
Section of Contracts
U. S. Bureau of Mines
Western Administrative Office
Branch of Procurement and Property Operation
Building 20
Denver Federal Center
Denver, Colorado 80225

Re: Contract No.S0241039
Evaluation of Mining Constraints to the
Revitalization of Pennsylvania Anthracite

Dear Sir:

It is with pleasure that we submit this report on the prospects for the
Revitalization of Pennsylvania Anthracite.

This study was performed pursuant to the terms of an agreement dated June 26,
1974 between the Bureau of Mines and Berger Associates.

The firm of A. B. Riedel Associates acted in the capacity of sub-contractor
to Berger Associates, and provided a substantial portion of the input to this
report.

Our findings and recommendations - presented in detail in the report - may
be summarized in one sentence: A moderate revitalization of the industry,
to an estimated production of 17 million tons annually by 1990, can be
anticipated if adequate planning, research and development to overcome
present constraints are initiated in the near future.

We are most grateful for the support and cooperation received from your
organization during the course of our work, and we thank those individuals
who gave their time and talent towards the execution of this assignment.

Very truly yours,

F. Heywood Marsh
Senior Vice President
Principal in Charge

-------P.O. BOX 1943 • HARRISBURG, PENNSYLVANIA 17105 • TELEPHONE (717) 238-9471-----­
OFFICE. 101 ERFORO ROAD, CAMP HILL, PENNSYLVANIA
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GLOSSARY OF TERMS

Adit - A horizontal passage driven from the surface for the working or
dewatering of a mine.

Backfilling - The filling in of a place from which the coal has been
removed.

Bone - A carbonaceous shale containing approximately 40 to 60 percent of
noncombustible materials.

Breaker - In anthracite mining, the preparation plant in which the coal
is broken, sized and cleaned for market.

Breaker Refuse - The coarse refuse, derived from processing run of mine
coal in a breaker; normally rock, slate and bone with small quan­
tities of coal.

Continuous Miner - a mining machine designed to remove coal from the
face and to load that coal into cars or conveyors without the use
of drills or explosives.

Culm - The waste or slack consisting of fine coal, coal dust and dirt;
silt. A vernacular term variously applied, according to the
Ioca Ii ty.

Drift - A horizontal entry from the outcrop which follows the vein, as
distinguished from a crosscut which intersects it.

Gangway - In deep mine development a main haulage road in the coal
vein, or, when in rock, generally parallel and adjacent to the coal
vein.

Gasification - The partial combustion of carbonaceous fuel so that much
of the fuel heat content is retained by the gases formed and is
available for later release when burned in other processes.

Grindabil ity - The ease with which coal may be ground fine enough for
use as a pulverized fuel. Defined by the Hardgrove Grindabil ity
Index.

Measures - A group or series of strata having common characteristics;
coal measures.

Mine Refuse - Rock, slate, and bone material, brought to the surface.
Mine refuse often contains small quantities of coal, which cannot
be economically recovered by processing.

x



Overburden Ratio - That volume of earth and rock (overburden), measured
in cubic yards, overlying a coal measure which must be excavated in
order to recover a ton of coal using surface mining methods.

Preparation Plant - Facility where coal is separated from its impurities,
washed, sized, and loaded for shipment. In anthracite mining a
coal breaker.

Refuse - Waste material in the raw coal.

Reserves - The coal which is considered recoverable by current standards.

Resources - The total amount of coal remaining in the ground.

Shaft - a vertical excavation driven to intersect a coal seam at depth.

Silt - the accumulation of waste, fine coal, bone, and slate settled out
of breaker water; culm.

Slant Chute - Chutes driven diagonally within a pitching coal vein as a
means to recover coal.

Slope - An inclined passage driven from the dip of a coal vein. An
entrance to a mine driven down through an inclined coal seam. The
inclination of a mine roadway or coal seam.

Stripping or Surface Mining - the mining of coal by surface mining
methods.

Tunnel - Any horizontal entry or drift in a mine, open at one or both
ends, which may serve as an adit. Used for haulage, drainage,
ventilation or as an egress.

Tunnel Rock - In anthracite mining the sandstone and conglomerate rock
produced when tunnels, rock holes and rock gangways are driven to
develop coal beds.

Vein - A mineral body (coal), thin in relation to its other dimensions,
and lying within boundaries which clearly separate it from neigh-
boring rock. Variously referred to as a seam or coal bed.

Winning - The excavation, loading and removal of coal from the ground.

xi
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PREFACE

A. PURPOSE OF STUDY

On June 26, 1974, the United States Bureau of Mines awarded to Berger
Associates Contract No. S0241039, entitled "Evaluation of Mining Constraints
to the Revitalization of Pennsylvania Anthracite/I.

The objective stated in the contract is 'ITo evaluate the technical and
economic constraints on the extraction and utilization of anthracite coal
and to determine the research and development needed in order to make anthra­
cite coal more fully utilized as a premium energy resource".

The study was to be divided into three phases:

I. Utilization analysis to determine the conditions and extent
that anthracite can be used directly or substituted for other
fuels.

I I. Resource evaluation to catalogue the availability of anthracite.

I I I. Technological evaluation to determine the applicability of
existing technology to anthracite mining and processing and
to identify deficiencies in mining technology that inhibit
greater utilization of anthracite.

The contract also states: 17he product of this study is envisioned as
a comprehensive and authoritative report for the use of the energy community
and general publ ic in assessing and utilizing anthracite as an energy source,
for federal, state, and local officials as a guide and planning document and
particularly asa guideline for research and development'l.

B. CONTENTS OF REPORT

This report essentially examines the existing and potential markets
for anthracite coal, determines the quantity, location and depth of the
anthracite reserves, and makes recommendations on actions, including
research and development, to be implemented in order to revitalize the
Pennsylvania anthracite industry.

Following the preface, the report is organized into six chapters.

Chapters I, II and I I I examine the industry, past and present, and
evaluate the market possibilities. (Phase I)

- 1 -
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Chapter IV analyzes and tabulates the reserves, or resources, of
anthracite remaining in the ground and calculates the cost of pump-
ing. (Phase II)

Chapter V examines the technology of the industry, and recommends
where effort should be expended in improving production techniques.
(p ha se I I I - pa r t 1)

Chapter VI summarizes the data developed and presents an Action Plan
for early implementation and for further research and development proj-
ects. (Phase I I I - part 2) This chapter may be read as an Executive
Summary and is printed on colored paper for easy identification.

Each chapter (except VI) is preceded by a summary of its contents,
printed on colored paper. Furthermore, in order to make the report as
readable as possible, certain voluminous material has been removed to appen­
dices, whose numbers match those of their corresponding chapters. (e.g.
P-A-3 means page 3 of the appendix to the preface).

C. ORGANIZATION

This study was performed using the Harrisburg, Pennsylvania office of
Berger Associates as a base and A. B. Riedel Associates' Mount Carmel office,
in the Western Middle Field, as a support facility.

The following personnel were most closely associated with the study.

F. Heywood Marsh, P.E.

Alfred B. Riedel, P.E.

Alexander Chamberlin, P.E.

Norman E. Mutchler, P.E.

Richard M. Mi ller

Roy A. Bair, P.E.

Edward M. Lesny, P.E.

Marvin E. White, P.E.

Stephen J. Metague

Maisie R. Partridge

John R. Sche 11

Senior Vice President
Berger Associates

President
A. B. Riedel Associates

Mining Engineer
A. B. Riedel Associates

Berger Associates

Director of Economics
Berger Associates

Consultant

Berger Associates

Berger Associates

Berger Associates

Berger Associates

Berger Associates

- 2 -

Principal in Charge

Project Manager and
Mining Engineering

Technical Design

Civil and Environ­
mental Engineering

Economics

Mechanical Engineering

Soils and Geology

Civil Engineering

Economics

Report Assembly

Graphics and Plates
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D. METHODS AND PROCEDURES EMPLOYED

0.1 Interviews and Contacts

In a study of this nature, much of the data needed is qualitative.
Therefore, an extensive series of interviews was carried out in order to
obtain as broad a consensus of the anthracite industry as possible within
the budgetary constraints of the contract.

Those interviewed included federal, state and local government per­
sonnel, uti1 ities and industrial users, mine operators, preparation plant
operators, coal brokers, and union officials.

In addition to actual interviews, much data was obtained by correspond-
ence. If sufficient information was obtained in a letter, an interview was
not considered necessary.

There were approximately 115 personal interviews, 25 telephone interviews,
and 16 letter responses. A listing of those contacted is contained in the
Appendix, beginning on page P-A-1.

Plate P-1 shows the service areas of those electric power companies
contacted.

0.2 Research of Published Material

Well over three hundred sources of published material were researched.
These varied from government statistics on coal production to the use of
coal in steel making to health and safety laws to treatises on the energy
cris is.

A 1ist of publications researched is contained in the Appendix, begin­
ning on page P-A-15.

0.3 Field Work

Apart from the interviews mentioned previously, several field trips
were made to the anthracite coal fields. These were principally carried
out in connection with interviews so as to examine such items as the opera­
tion of a coal breaker, the effects of stripping on the landscape, the prob­
lems of acidic drainage from mines, and so forth.

0.4 Office Work

From the data collected by research, interviews and inspections, the
various projections, text and recommendations were developed.

- 3 -
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of heavy earth-moving machines. Dredg.ing from rivers and reprocessing culm
banks became more important and these methods now account for about 40 per­
cent of production.

Productivity in 1971, including extraction and preparation, was 6.5 tons
per man-day, a composite of: deep mines 4.1 t/md; strip mines 8.4 t/md;
culm 31. 5 t/md.

The Northern Field was once predominant, now the Southern Field leads
wi th 3.7 mi 11 ion tons in 1970.

From a peak of 180,000 in 1914,emp10yment in the industry dropped
to 6,000 in 1970.

Demand isprincipa11y for space heating and utilities.

Reasons for decline:

1926 divestment of coal mines from railroad companies resulted in lack
of1argeamoun'ts of capital and in higher freight rates.

Long 1925-26 strike forced many users to other energy sources.
Loss of cOJ:lvenience to oil and gas.
Geologic problems - hard rock overburden

- s teepcoa 1 pitches
hardness of coal

Certain aspects of some of the mining .and envi ronmental laws are con­
sidered inappropriate to anthracite mining.

...

-
-
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CHAPTER J - SUMMARY

OVERVIEW OF ANTHRACITE REGION

A. GEOGRAPHIC FEATURES

Anthracite coal is found
anthracite fields - Northern,
totalling 484 square miles.
Schuylkill and Lehigh Rivers.

in ten Pennsylvania counties. There are four
Eastern Middle, Western Middle, and Southern ­
The region is drained by the Susquehanna,

B. SOCIO-ECONOMIC FEATURES

U_"

II'

", t

Population in the ten counties peaked in 1930 with 1,544,258 residents.
The 1970 census showed 1,328,798 persons. There are strong ethnic ties with
Eastern and Southern Europe, with Germany, Czechoslovakia and the United King­
dom also being well represented. Negro and Spanish populations. are sparse,
except in Dauphin County.

The regional labor force Of 553,000 is below the national average par-
ticipation rates. In 1970 the unemployment rate was. highest in Lackawanna
County, with 5.2 percent. Education attainment is generally below the state
median.

All counties, except Dauphin, had median family incomes in 1969 of below
the statewide figure of $9,554. Northumberland County was the lowest with
$7,354. The textile industry is the major single source of income.

C. HISTORY OF ANTHRACITE MINING

::IJ$/

First used in 1769, exports from the region were
(Schuylkill canal, 1825) and, later, the railroads.
million tons was mined in 1917, down to 44 million in
1970 and 6.3 million in 1973.

fac Ll Hated by cana 1s
A peak of nearly 100
1950, nine million in

i~'

Unionization in anthracite regions was, initially, slow due to strong
ethnocentric clusters. The United Mine Workers of America organized in
1897, called major strikes in 1902, 1922 and 1925-26. In 1959, health and
welfare payments reached 70 cents per ton compared with 40 cents per ton for
bituminous coal.

Most 19th century mining was deep mining, using the room and pillar
method. Strip production was introduced in the 20th century with the advent



CHAPTER I

OVERVIEW OF ANTHRACITE REGION

A. GEOGRAPHIC FEATURES

Anthracite coal is found in four distinct fields in the east central
and northeastern parts of Pennsylvania. The map on Plate 1-1 reveals both
the shape and location of the coal basins. Approximately 95 percent of the
United States reserves of anthracite (hard) coal is subjacent to this ten
county region (Carbon, Columbia, Dauphin, lackawanna, lebanon, luzerne,
Northumberland, Schuylkill, Susquehanna, and Wayne).

The fields - Northern, Eastern Middle, Western Middle and Southern ­
have been separated by geological conditions. They comprise a total of
484 square mi les. The northern field is primarily located in lackawanna
and luzerne Counties. It is a crescent shaped basin and extends for 53
miles from Forest City to Hartville, reaching its widest point of five miles
near Wilkes Barre. The area is known as the Wyoming Valley and, contrary
to the other fields, it enjoys a cover of rich fertile soil. The Western
Middle field occupies a 94 square mile basin of small interconnected valleys
surrounded by parallel ridges. locust Mountain partitions the area into
a northern and southern section. The 33 square mile Eastern Middle field
more closely resembles a fairly level plateau bordered by Spring and Green
Mountains. The City of Hazleton is located in the area. The Southern
field is again a basin surrounded by mountain ridges. It covers 181 square
miles in Carbon, Schuylkill and Dauphin Counties.

The entire Anthracite Region is drained by three rivers; the Susque-
hanna, the lehigh and the Schuylkill. Likewise, the coal producing area
is divided into three trade regions - the Wyoming, the lehigh and the
Schuylkill. The coal produced in these areas represents an important min-
eral fuel resource because of both the magnitude of the reserves and their
propinquity to the industrial East Coast.

B. SOCIO-ECONOMIC FEATURES OF THE ANTHRACITE AREA

B. I Population

The population for the ten county Pennsylvania anthracite area reached
its peak in 1930 with 1,544,258 residents reported. The only county to
experience appreciable growth in the last half century is Dauphin, whose
population has swelled by over 70,000 persons in the period. Lackawanna,
Luzerne and Schuylkill counties have experienced the greatest outmigration

I - I
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(see Table 1-1). The tendency for people to locate where the most job
opportunities exist is borne out by the population trend of the coal region.
The three counties of intensely declining population had been the major
coal counties in the 1920 1 s, employing between 35 and 60 thousand miners
each. The number of miners employed today has fallen to a few thousand
for the entire region. Conversely, Dauphin County has always had a small
mining population but is the leading county of the group for employment in
the areas of publ ic administration, construction, transportation and
finance.

B.2 Ethnic aackgrounds

The ten county area shows strong ethnic ties to Eastern and Southern
Europe. Lackawanna and Luzerne counties evidence an especially heavy incid­
ence of total foreign stockl among their populations, 31 and 30 percent
respectively. Enclaves of Polish, Austrian and Italian extraction are to
be found here. In the entire region Germany, Czechoslovakia, and the
United Kingdom are also well represented. Negro and Spanish populations
are sparse in all of the counties except Dauphin, where the black popula­
tion is '11.7 percent of the total population.

B.3 Labor Force

The Anthracite Region of Pennsylvania embraces a total working force
of 552,673 persons. The total labor force participation rates of 73.8 per­
cent for males and 42.2 percent for females are both below the national
average of 79.2 percent and 42.8 percent respectively. The indication is
that a potential for expanding the labor force of the area may exist,
especially among males.

The unemployment figures for 1970 range from 1.7 percent in Lebanon
County to 5.2 percent in Lackawanna County. The majority of the counties
are in the moderate unemployment range when compared to the state average
of 4.0 percent in 1970. (See Table 1-2).

The unusually high labor force participation rate for Lebanon County
(63.3 percent) is coincident with a relatively high income and level economic
growth for the area. Wayne County, with its low percentage of working
adults (52 percent), has a relatively low county-wide median income and has
one of the lowest educational attainment statistics in the area.

l'Foreign stock l includes the foreign born population and the native
population of foreign or mixed parentage. Persons of foreign stock thus
comprise all first - and second - generation Americans.

1-3
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TABLE 1-1

COUNTY POPULATIONS

Ten Counties of the Pennsylvania Anthracite Region
1930, 1950, 1960, 1970

County

Carbon

Columbia

Dauphin

Lackawanna

Lebanon

Luzerne

Northumberland

Schuylki 11

Susquehanna

Wayne

1930

63,380

48,803

165,231

310,397

67,103

445,109

128,504

253,505

33,806

28,420

1950 ]

57,558

53,460

197,784

257,396

81,683

392,241

117,115

200.577

31,970

28,478

1960

52,889

53,489

220,255

234,531

90,853

346,972

104,138

173,027

33,137

28,237

1970

50,573

5!),114

223,834

9~1,665

342,301

99,190

160,089

31f,344

29,581

1,32t1,798TOTAL 1,544,258 1,418,262 1,337,528
IL, L-- ---',

Source: Prepared by Consultant based on data from U. S. Bureau
of Census
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TABLE 1-2

LABOR FORCE SIZE

Ten Counties of the Pennsylvania Anthracite Region
1970

Total Males 16+ %of Males Females Females 16+ %of Females
Labor %of Males 16 (Worki ng in 16 and (Worki ng in

County Force Unemp 1oymen t and Over Force) Labor Force Over Force) Labor Force

Carbon 20,827 2.6 17,278 12,688 73.4 19,710 8,139 41.3
Columbia 23,290 3.0 19,025 14,085 74.0 21,212 9,205 43.4
Dauphin 97,580 2.2 74,064 57,628 77 .8 87,126 39,952 45.9
Lackawanna 97,010 5.2 78,820 58,044 73.6 94,820 38,966 41.1
Lebanon 44,407 1.7 33,502 26,758 79.9 36,656 17,649 48.1
Luzerne 140,892 3.9 116,894 83,220 71.2 138,855 57,672 41. 5
Northumberland 40,180 4.0 33,097 24,401 73.7 39,099 15,779 40.4
Schuylkill 64,290 3.8 54,918 39,274 71.5 63,475 25,016 39.4
Susquehanna 13,212 4.2 11,220 8,729 77.8 12,011 4,483 37.3
Wayne 10,985 3.2 10,596 6,999 66.1 10,578 3,986 37.7

Total 552,673 3.4 449,415 331,831 73.8 523,542 220,847 42.2
-

Source: Prepared by Consultant based on data from U. S. Bureau of Census.
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6.4 Education

The level of educational attainment among the adult population of a
county is a further indication of the quality of the labor force and the
social status of that county. The educational characteristics of the adult
population in the Pennsylvania Anthracite Region are disclosed in Table 1-3.
Among the adult male population two counties, Columbia and Dauphin, display
educational attainment levels above the state median level of 11.9 years of
schooling. Carbon, Schuylkill and Wayne counties fall far below the state
norm. The female adult educational levels among the counties are less
divergent and closer to the statewide average in percent of high school
graduates and median years of schooling.

B.5 Employment and Personal Income

Of the anthracite counties, only Dauphin had a median family income
in 1970 which is above the statewide figures of $9,554. Schuylkil'! and
Wayne Counties are in the relatively low range of median family income.
Table 1-4 displays further measures of economic development for the counties
in the Pennsylvania Anthracite Region. Columns 1-3 are the net shift of
population, market value of real estate and value added in manufacture. All
three categories compare the actual shift in each county with the shift that
would have occurred if the state-wide growth rate had attained. Positive
shifts in the market value of real estate and value-added by manufacture
in the last decade reveal a short run trend of economic growth. Increases
in property values and manufacturing activity augment both the tax base
and gross income for the county. Lebanon, Luzerne, Susquehanna, and Wayne
Counties showed the greatest appreciation of their economic base in the
decade of the 1960 1s.

The county level of industrial diversification is abstracted in
columns (6) and (7) of Table 1-4. Generally, the situation where a large
percentage of manufacturing employees are in a single industry and where a
few industries employ the bulk of the workers, is associated with a county
of low economic development. Similarly, a county with an industrial
profile which lacks diversification is more vulnerable to the plight of
the major industries. Carbon and Wayne Counties evidence heavy reliance
on a single industry, in both cases the textile and apparel industry is the
economic backbone of the county.

The textile industry is the major single source of income throughout
the anthracite region. Only in Dauphin County is income from textile manu-
facturing preempted by the construction and food products industries.
Primary metals, fabricated metals and electrical equipment and sales are
the remaining industries predominant in the area. Table 1-5 portrays the
broad occupational categories of the labor force in the Anthracite Region.
Mining was once the major source of income, but as the history of the anthra­
cite industry indicates, a marked decline has occurred in the last five

1 - 6
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TABLE 1-3

EDUCATIONAL ATTAINMENT LEVELS

Ten Counties in the Pennsylvania Anthracite Region
1970

%
Population Less Than 8-12 Years 4 Years Median Graduated

25 and 8 Years of of 1-3 Years or More Years From
County Over Education Education College College Completed High School

MALE
---carbon 14,314 2,442 10,731 477 664 11.0 43.0Columbia 14,473 1,266 11,004 749 1,052 12.0 51.0

Dauphin 59,520 7,649 41,522 4,004 6,345 12. I 53.0Lackawanna 63,686 11,849 41,947 4,751 5,139 11.5 47.0
Lebanon 26,685 3,701 19,837 1,186 1,961 11.6 47.0
Luzerne 95,155 18,515 63,915 5,890 6,835 11.4 46.0
Northumberland 27,384 4,415 20,245 1,167 1,557 11.5 47.0
Schuylkill 45,893 8,252 33,894 1,767 1,980 11.0 43.0
Susquehanna 9,202 1,175 6,936 542 549 11.8 48.0
Wayne 8,751 1,477 6,521 434 519 10.8 42.0

Total 365,063 60,741 256,552 20,967 26,601 11.5 47.0

FEMALE
-----car:bon 16,575 2,838 12,243 967 521 11.2 45.0

Columbia 16,486 1,660 12,713 1,264 849 12. I 54.0
Dauphin 70,477 8,430 53,441 4,509 4,097 12. I 53.0
Lackawanna 78,407 14,895 54,825 5,350 3,337 11.8 49.0
Lebanon 29,468 3,961 22,571 1,536 1,406 11.6 47.0
Luzerne 115,315 23,507 81,207 5,944 4,657 11.6 47.0
Northumbe r 1and 32,687 5,711 24,579 1,321 1,076 11.2 45.0
Schuylkill 53,588 9,659 40,118 2,320 1,488 11.2 45.0
Susquehanna 9,836 932 7,684 773 447 12. I 56.0
Wayne 8,936 973 6,886 734 343 12. I 52.0

Total 431,775 72 ,566 J16,267 24,718 18,221 11.7 49.0
TOTAL 796,838 133,307 572,819 45,685 44,822 11.6 48.0

Source: Prepared by Consultant based on data from U. S. Bureau of Census.
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TABLE 1-4

SELECTED ECONOMIC DEVELOPMENT MEASURES

Ten Counties of the Pennsylvania Anthracite Region
1970

r-<)
:.[)

\
\
\

County

Population
Shift

1960-1970

Real Estate
. Market Value

Shift 60-70

Value Added
by Manufacture

Net Shift
1960-1970

Median l

Fami ly
Income
1969

Percent of
Manufacturing

Employment
in Larges t
Industry

Number of
Industries

to Equal 2/3 of
~\anufacturing

Employment Population
p ~" .:.::';:- _" M_"': +- : ..L_ ~:~o,:;"=~~-~ ~ : I

00
Carbon
Columbia
Dauphin
Lackawanna
Lebanon
Luzerne
Northumberland
Schuylkill
Susquehanna
Wayne

Total

- 4,548 -$ 1,419,000 -$ 8,297,000 $7,949 49.82 1. 72 50,573
- 641 -$23,076,000 -$19,483,000 $7,958 30.12 3.75 55,114
- 5,726 -$57,530,000 $31,829,000 $9,710 26.15 4.06 223,834
-10,319 -$19,528,000 $81,899,000 $8,399 32.75 r r, 234,107,.01

4,996 $30,433,000 $ 8,617,000 $9,450 20.14 4.81 99,665
-19,083 $17,674,000 $149,751 ,000 $8,244 34.16 6.05 342,301
- 9,372 -$12,945,000 $ 6,235,000 $7,354 27 .62 4.85 99,190
-20,244 -$18,524,000 $72,367,000 $7,596 44.76 3.22 160,089
- 198 $28,524,000 -$ 1,669,000 $8,050 29.32 3.00 34,344

169 $ I0 1,850,000 $23,097,000 $7,630 55.22 2.20 29,581

-64,966 I $45,459,000 $344,347,000 $8,422 35.01 3.93 1,328,798

Ll~e'",YIYa'ia Media, F.mily-,",ome foc "69 " $9,554.

Source: Comparative Study ~ Economic Development ~~ Seven Counties ~ Pennsylvania, Pennsylvania Office
of State Planning and Development, 1973.
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TABLE 1-5

OCCUPATION OF LABOR FORCE

Ten Counties of the Pennsylvania Anthracite Region

I
1970

I Lacka- North- Susque-
I Occupation Carbon Columbia Dauphin wanna Lebanon Luzerne umberland Schuylkill hanna Wayne

Agriculture, Forestry, 191 805 1,292 840 1,359 1,127 805 831 1,183 1,267
and Fishing

Mining 305 90 150 678 977 1,914 718 2,404 170 64

Construction 1,315 1,123 5,950 5,071 2,036 7,823 2,700 4,392 1,121 981

t~anufactur ing 10,509 10,575 21,191 33,799 18,619 55,150 15,766 28,113 4,363 2,929

Transportation, Communi- 1,401 861 7,345 5,848 2,033 7,333 2,444 3,545 773 520
cations & Public Utilities

Retail and Wholesale Trade 2,447 3,501 17,549 18,256 6,783 24,471 6,695 9,106 1,918 1,762

Finance, Insurance, & 519 537 4,521 2,797 1,037 4,567 1,008 1,377 389 305
Real Estate

Services 3,044 4,505 23,023 19,698 8,526 26,563 7,105 9,634 2,366 2,263

Public Administration 527 585 14,065 4,759 1,728 6,103 1,248 2,390 360 529

TOTAL 20,258 22,537 95,086 91,746 43,098 135,051 38,489 61,792 12,643 10,620

Source: Prepared by Consultant based on data from U. S. Bureau of Census.
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decades. Presently less than two percent of the area payrolls emanate from
coal related activities and less than two percent of the area labor force is
involved in mining.

C. HISTORY OF ANTHRACITE MINING

C.l Miners and Mining Methods

The first record of anthracite coal in North America appears on a map
by John Jenkins, Sr. in 1762. The "s tone coal" was not uti 1ized, however,
until the Gore Brothers burned it in a Wilkes-Barre blacksmith shop in 1769.
Anthracite soon became popular among blacksmiths in the area as a source of
clean, steady heat. The first domestic use of anthracite also occurred in
Wilkes-Barre. Judge Jesse Fell fired the coal in a home designed furnace
in 1808.

The anthracite industry grew slowly at first but steadily throllghout
the 19th century. The difficulty in igniting anthracite and the relative
abundance of firewood hindered its early use as a fuel. By 1820, however,
2,500 tons of the coal are reported to have been shipped from the Wyoming
Valley.

Overland shipping of coal was prohibitively expensive. River routes
could be used to transport the coal when the water was high. The Schuylki 11
Canal, completed in 1825, allowed the first reliable route of entry to the
Philadelphia coal market. By 1846 the anthracite canal system totaled
643 miles and transportation costs declined over time. By 1870 the growth
of railroads precipitated the decl ine of canal haulage of coal by assuming
a greater share of the task.

As transportation systems improved and further uses of anthracite
developed, mine workers penetrated the earth in increasing numbers. No
accurate record of employees exist before 1870, but by that time the
industry employed some 36,000 workers.

In the early years of the industry, when the demand for anthracite
was small, sufficient quantities could be gathered by digging and wedging
the coal loose along outcroppings. As demand grew, deep mining became the
common form of coal extraction. .

In the 19th century most coal was deep mined. Miners retrieved the
earth's coal through four distinct types of openings; drift, slope, tunnel
and shaft. The "drift" mine developed as workers dug coal from an outcrop­
ping which occurred at the base of an incline. The workers followed the
seam upward as they dug into the hill. The "slope" similarly followed a
seam of coal from an outcropping but along a declining plane. The "tunnel"
method provided access to coal seams that were above the water table. The
" shaft" reached coal seams buried 200 or more feet below the surface.

I - 10
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The shaft method employed a vertical entrance to the coal seams where
gangways were driven to enter and develop the vein. Here the miners
extracted coal along the seam. Furnaces at the bottom of the shaft rari­
fied the air to assure circulation. Towards the end of the 19th century,
fans replaced the furnaces in providing ventilation.

At the surface of the deep mine stood the breaker. The task of this
facility was to clean and process the freshly mined coal for market. Anthra-
cite burns most efficiently when it is fairly uniform in size and contains
few impurities. The coal was, and still is, marketed by sizes; egg, stove,
chestnut, pea, buckwheat, rice and barley. At first the run-of-the-mine
coal was broken and cleaned by hand. In 1844 the first mechanical breaker
was adopted. Gravity fed coal was crushed by small power-driven, toothed,
cast iron rolls and separated into sizes by a series of screens. Slate
pickers still cleaned the coal by hand. In the 1870's the slate pickers
were gradually replaced by jigs which cleaned and separated the coal by
specific gravity.

Although technology replaced workers at the surface of the mine, the
underground work remained - and remains - immune to sweeping changes.
Geologic conditions have limited mechanization to loading and haulage.
Improvements have also occurred in dewatering and ventilating. The extrac­
tion cycle at the mine face, however, is still primarily the work of men
aided by mechanical drills and blasting.

C.2 Labor Relations and Working Conditions

By modern standards, working conditions in the 19th Century anthracite
industry were deplorable. The safety of workers was jeopardized by poor
lighting and ventilation, cave-ins, mine water, blasting and coal gas.
A mine worker generally began his career between the ages of four and ten
as a slate ~icker. He then progressed up the mine worker's hierarchy
to an errand boy and eventually entered the mine as a door boy. Age and
experience allowed the worker to progress to a mule driver, laborer and
eventually a miner. Pay and status among mine workers was decided by
skill and the importance of a job in the operation of the mine.

Immigrants provided an important source of labor for the anthracite
industry. Upon arrival into the coal region immigrants lived, and worshipped,
in ethnocentric clusters. Ethnocentrism hindered the early movement to
organize labor. The first united action by mine workers occurred in 1842
but was disbanded by the militia before the workers could gain any of their
objectives. The period from 1865 to 1887 was characterized by attempts at
collective movements, work stoppages, and violence. In 1897 the United
Mine Workers of America began to organize throughout the region. Several
strikes have occurred since the U.M.W. gained power. In 1902 a contract
dispute led to a strike which lasted 165 days. Major strikes plagued the
industry again in 1922 and 1925-26, each stopp.age lasted between five and
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six months. The decline of the anthracite industry is sometimes partially
attributed to these strikes, which encouraged consumers to seek a more
dependable source of fuel.

The U.M.W. fought to'protect existing miners as their ranks began to
thin in the 1930's, and the "equalization of work time" clause became a part
of the anthracite contract. The result was that companies with numerous
mines found themselves working only two to four days a week at prohibitive
costs.

The Union health and welfare fund also developed. By 1959, health and
welfare payments demanded by anthracite workers reached 70 cents per ton of
coal mined. The competitive position of anthracite coal was hurt vis-a-vis
bituminous coal where benefits remained at 40 cents per ton.

In the last 40 years membership in the United Mine Workers has declined
in the region. As an outgrowth of the Depression the Independent Miners
and Associates and the Independent Miners, Breakers and Truckers Association
have grown in relative importance.

C.3 Production

The production of anthracite expanded noticeably following the Civil
War as coal was used to power the industrialization of the United States.
By 1917 the industry reached its peak year and produced nearly 100 million
tons of the hard coal. The rise in output from 1890 is traced in Plate 1-2
and Table 1-6. The only serious decline to hit the industry before 1917
occurred during the strike of 1902, when over 25 million tons were lost
to the nation. Strikes again crippled output in 1922 and 1925. As alter-
native fuel sources became abundant the industry never fully recovered from
the last major strike. The Depression curtailed demand and supply further.
Since then the downward trend in output was only briefly reversed by World
War II.

In the 19th century almost all production had been of the deep mine
variety. The first quarter of the 20th century heralded the inception of
strip and dredge mining. Strip mining required large scale excavation and
was not practical until adequate equipment became avai1ab1e. 1 Table 1-6
shows the gradual growth of strip mining until the middle of the 20th Cen­
tury. At first, only a small portion of total production was strip mined,
but by 1970 almost half of the output was culled from the land in this

IThe quarrying of anthracite along the exposed outcrops was the fore-
runner of strip mining. One of the earliest attempts occurred at Summit
Hill in 1821. Exposures were hand excavated with shovel and wheelbarrow.
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TABLE 1-6

PRODUCTION TRENDS

Pennsylvania Anthracite
1890-1973

Productivity:
Methods of Production Tons Per Man Day Quant i ty

Net Loaded Percent Of
Production Deep Total Strip Mechanically Total Loaded

Year (Tons) Mine Strip Culm Dredge Average Average Underground Underground

1890 46,468,641 NIl'. NIl'. NIl'. NIl'. 1.85 NIl'. NIl'. NIl'.
1891 50,665,431 NIl'. NIl'. NIl'. NIl'. 1.98 NIl'. NIl'. NIl'.
1892 52,472,504 NIl'. NIl'. NIl'. NIl'. 2.06 NIl'. NIl'. NIl'.
1893 53,967,543 NIl'. NIl'. NIl'. NIl'. 2.06 NIl'. NIl'. NIl'.
1894 51,921,121 NIl'. NIl'. NIl'. NIl'. 2.08 NIl'. NIl'. NIl'.
1895 57,999,337 NIl'. NIl'. NIl'. NIl'. 2.07 NIl'. NIl'. NIl'.
1896 54,346,081 NIl'. NIl'. NIl'. NIl'. 2.10 NIl'. NIl'. NIl'.
1897 52,611,681 NIl'. NIl'. NIl'. NIl'. 2.34 NIl'. NIl'. NIl'.
1898 53,382,645 NIl'. NIl'. NIl'. NIl'. 2.41 NIl'. NIl'. NIl'.
1899 60,418,005 NIl'. NIl'. NIl'. NIl'. 2.50 NIl'. NIl'. NIl'.
1900 57,367,915 NIl'. NIl'. NIl'. NIl'. 2.40 NIl'. NIl'. N/A
1901 67,471 ,667 NIl'. N/A NIl'. N/A 2.37 NIl'. NIl'. N/A
1902 41,373,595 N/A N/A N/A N/A 2.40 N/A N/A N/A
1903 74,607,068 NIl'. N/A NIl'. N/A 2.41 NIl'. NIl'. N/A
1904 73,156,709 NIl'. NIl'. NIl'. N/A 2.35 NIl'. N/A N/A
1905 77,659,850 N/A NIl'. N/A NIl'. 2.18 NIl'. NIl'. NIl'.
1906 71,282,411 NIl'. NIl'. N/A NIl'. 2.25 NIl'. N/A NIl'.
1907 85,604,312 NIl'. N/A N/A N/A 2.35 NIl'. NIl'. N/A
1908 83,268,754 NIl'. NIl'. NIl'. NIl'. 2.39 N/A N/A NIl'.
1909 81,070,359 NIl'. NIl'. NIl'. 107,788 I 2.31 NIl'. NIl'. NIl'.
1910 84,485,236 NIl'. NIl'. NIl'. 102,853 2.17 NIl'. NIl'. NIl'.
1911 90,464,067 NIl'. NIl'. NIl'. 106,005 2.13 NIl'. NIl'. NIl'.
1912 84,361,598 NIl'. NIl'. NIl'. 96,009 2.10 NIl'. NIl'. NIl'.
1913 91,524,922 NIl'. NIl'. NIl'. 150,064 2.02 NIl'. NIl'. NIl'.
1914 90,821,507 N/A NIl'. NIl'. 115,257 2.06 NIl'. NIl'. NIl'.
1915 88,995,061 NIl'. 1,121,603 NIl'. 138,421 2.19 NIl'. NIl'. NIl'.1916 87,578,493 NIl'. 1,987,800 NIl'. 160,507 2.16 NIl'. NIl'. NIl'.
1917 99,611,811 NIl'. 2,301,588 NIl'. 170,672 2.27 NIl'. NIl'. NIl'.
1918 98,826,084 NIl'. 2,360,183 NIl'. 282,930 2.29 NIl'. NIl'. NIl'.
1919 88,092,201 NIl'. 2,006,879 NIl'. 693,093 2.14 NIl'. NIl'. NIl'.
1920 89,598,249 NIl'. 2,054,441 NIl'. 740,453 2.28 NIl'. NIl'. NIl'.
1921 90,473,451 NIl'. 2,027,790 NIl'. 623,329 2.09 NIl'. NIl'. NIl'.
1922 54,683,022 NIl'. 949,745 NIl'. 904,108 2.31 NIl'. NIl'. NIl'.
1923 93,339,009 N/A 2,263,098 NIl'. 956,368 2.21 NIl'. NIl'. NIl'.
1924 87,926,862 NIl'. 1,865,677 NIl'. 825,394 2.00 N/A NIl'. NIl'.
1925 61,817,149 N/A 1,578,478 NIl'. 1,015,708 2.12 NIl'. NIl'. NIl'.
1926 84,437,452 NIl'. 2,401,356 NIl'. 914,764 2.09 NIl'. NIl'. NIl'.
~927 80,095,564 73,657,818 2, i 53, i 56 Nil'. 97i ,8i 7 2. i5 Nil'. 2,223,281 3.01928 75,348,069 69,724,862 2,422,924 NIl'. 943,401 2.17 NIl'. 2,351,074 3.4
1929 73,828,195 69,963,848 1,911,766 NIl'. 716,944 2.16 NIl'. 3,470,158 5.0
1930 69,384,837 64,926,094 2,536,288 NIl'. 643,291 2.21 NIl'. 4,467,750 6.9
1931 59,645,652 53,459,502 3,813,237 NIl'. 458,750 2.37 NIl'. 4,384,780 8.2
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TABLE 1-6 (CONTINUEO)

PRODUCTION TRENDS

Productivity:
Methods of Production Tons Per Man Day Quantity

Net Loaded Percent Of
Production Oeep Total Strip Meehan i ca 11y Total Loaded

Year (Tons) Mine Strip Culm Dredge Average Average Underground Underground

1932 49,855,221 43,834,160 3,980,973 N/A 480,050 2.54 N/A 5,433,340 12.4
1933 49,541,344 41,032,111 4,932,069 N/A 538,924 2.60 N/A 6,557,267 16.0
1934 57,168,291 48,574,741 5,798,138 N/A 652,180 2.53 N/A 9,284,486 19.1
1935 52,158,783 43,782,876 5,187,072 2,702,468 590,467 2.68 N/A - 9,279,057 21.2
1936 54,579,535 44,726,506 6,203,267 3,193,972 546,684 2.79 N/A 10,827,946 24.2
1937 51,856,433 42,566,351 5,696,018 2,722,599 760,474 2.77 N/A 10,683,837 25.1
1938 46,099,027 38,142,297 5,095,341 2,340,444 571 ,024 2. 79 N/A 10,151,669 26.6
1939 51,487,377 42,571,548 5,486,479 2,583,814 703,860 3.02 N/A 11,773,833 27.7
1940 51 ,484,640 41,516,837 6,352,700 2,783,038 942,944 3.02 N/A 12,326,000 29.7
1941 56,358,267 43,877,264 7,316,574 3,656,866 1,517,563 3.04 N/A 13,441,987 30.6
1942 60,327,729 45,236,699 9,070,933 4,735,064 1,285,033 2.95 N/A 14,741,459 32.6
1943 60,643,620 42,735,798 8,989,387 7,583,698 1,334,737 2. 78 N/A 14,745,793 34.5
1944 63,701,363 41,755,416 10,963,030 9,600,180 1,372,737 2.79 N/A 14,975,146 35.8
1945 54,933,909 34,885,699 10,056,325 8,786,659 1,205,226 2.79 N/A 13 ,927 ,955 39.9
1946 60,506,873 38,084,457 12,858,903 8,431,092 1,132,394 2.84 N/A 15,619,162 41.0
1947 57,190,009 36,963,112 12,603,545 6,403,646 1,219,706 2. 73 N/A 16,054,011 43.4
1948 57,139,948 37,175,291 13,352,874 5,623,779 988,004 2.81 N/A 15,742,368 42.3
1949 42,701,724 27,030,650 10,376,808 4,429,144 865,122 2.87 N/A 11,858,088 43.9
1950 44,076,703 28,155,895 11,833,934 3,467,310 619,564 2.83 N/A 12,335,650 43.8
1951 42,669,997 26,342,239 11,135,990 4,630,200 561,568 2.97 N/A 10,847,787 41.2
1952 40,582,558 24,748,283 10,696,705 4,765,516 372,054 3.06 N/A 10,034,464 40.5
1953 30,949,152 17,893,489 8,606,482 4,011,000 438,181 3.28 N/A 6,838,769 38.2
1954 29,083,477 16,852,408 7,939,680 3,565,482 725,907 4.02 N/A 6,978,035 41.4
1955 26,204,554 14,498,758 7,703,907 3,213,046 788,843 3.96 N/A 6,660,939 45.9
1956 28,900,220 15,054,904 8,354,230 4,774,739 716,287 4.25 N/A 7,308,110 48.5
1957 25,33E,321 12,616,053 7,543,157 4,521,410 657,701 4.18 N/A 6,657,479 52.8
1958 21,171,142 10,698,835 6,877,761 2,902,753 691,793 4.36 7.94 5,332,043 49.8
1959 20,649,286 9,415,470 7,096,343 3,420,854 716,619 5.12 9.40 4,700,542 49.9
1960 18,817,441 7,695,978 7,112,288 3,297,012 712,163 5.60 10.51 4,044,392 52.6
1961 17,446,439 6,784,586 7,246,646 2,669,359 745,848 5.63 10.96 3,337,778 49.8
1962 16,893,646 6,672,922 6,822,207 2,671 ,466 727,051 5.92 11.01 3,065,364 45.9
1963 18,267,384 5,714,746 7,467,842 3,393,066 691,730 6.27 11.02 3,665,962 54.6
1964 17,184,251 5,888,826 7,177,188 3,412,989 705,248 6.11 10.76 3,455,034 58.7
1965 14,865,955 5,296,989 5,938,982 2,929,527 700,457 6.55 11.65 3,246,034 61.3
1966 12,941,264 4,088,144 5,253,408 2,938,095 661,017 6.87 N/A 2,590,547 63.4
1967 12,256,063 3,258,000 4,740,000 3,627,000 631,660 7.21 N/A 1,997,806 61.3
1968 11.460,833 2,450,000 4,696,000 3,709,000 605,920 7.62 N/A 1,475,000 60.2
1969 10,472,916 2,150,664 4,579.000 3,253,000 535,369 7.45 10.06 1,326,598 63.0
1970 9,729,398 1,666,694 4,541,000 3,036,000 409,354 7.10 8.98 1,150,596 66.1
1971 8,727,325 1,245,326 4,450,457 2,492,178 389,609 6.30 8.34 669,691 52.1
1972 7,106,295 944.000 3.492,444 2,202,000 476.792 6.38 N/A 593,997 62.9
1973 6,746,000 702.843 3,284.905 2,305,265 N/A 6.65 N/A N/A N/A

_.

Sources: Prepared by Consultant based on data from:

1. Minerals Yearbook (Fuels), U. S. Department of the Interior, Selected Years
2. Annual Report, 1973 Data from the Pennsylvania Department of Environmental Resources, Office of Mines and

Land Protection, 1973. C,)
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manner. Deep mining, on the other hand, had fallen by 1970 to 18 percent
of total output where as recently as 1950 deep mining was the source of over
60 percent of anthracite coal.

As equipment was developed which utilized small sizes of anthracite,
dredge and culm (bank) production grew in importance. Much of the prepara­
tion plant wastes in the early days of minin~, was discharged into streams
or eroded into watercourses from refuse banks. River beds in the coal
region soon became covered with small sizes of anthracite. Suction devices
and dewatering screens mounted on barges were introduced to dredge this coal
from the water.

Bank production also rel ies upon the recovery of previously mined coal.
Culm, a waste product of early preparation methods, is simply shovelled up
and run through the preparation plant or burned directly.

Dredge production has only occasionally exceeded one million tons per
year and in 1970 accounted for only four percent of total production. The
bank method grew almost fourfold during World War I I and reached its peak
output of over nine million tons in 1944. [n 1970 culm recovery repre-
sented 33 percent of total anthracite output.

c.4 Productivity and Mechanization

Annual productivity measures for the industry from 1890 to 1972 have
been computed in Table [-6. Productivity, defined here as tons of output
per man day, has displayed an upward trend over the last 82 years. Several
reasons can be cited for this accomplishment. Generally, the introduction
of mechanization into a production process increases the output per man.
The steady rise in percent of coal loaded mechanically underground is a
single measure of the rise in mechanization in the coal industry. Advances
in technology in preparation and production methods will also raise produc­
tivity even if more tools are not added to the process. The total efficiency
of the process is not measured by this partial productivity analysis but it
indicates a direction.

Furthermore, the shift in production from deep mining to strip, dredge,
and bank production is a shift from a labor intensive process to a capital
intensive process. Such a shift should, and did, occasion an increase in
output per man day. The importance of this shift in raising production can
be seen by reviewing the labor productivity of bank, strip and deep mining
for recent years. In 1971, the productivity of extraction in strip mines
was 8.37 tons/man day, culm extraction was even greater at 31.53 tons/man
day. This can be compared with a productivity of extraction for deep mines
of 4.09 tons/man day. The total labor productivity for the anthracite
industry reached a peak in 1969 and has not reached the same level since
(Column 7, Table 1-6). Partially to blame are the more rigorous environ-
mental, health and safety regulations.
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C.5 Production by Field

Anthracite production is broken into the four fields; Northern,
Western Middle, Eastern Middle, and Southern in Table 1-7. The Northern
Field has suffered the greatest relative and absolute decline in production
in the last century. The once predominant Northern Field, which accounted
for almost 50 million tons of production in 1917, had dwindled to a total
production of just over 2 million tons in 1970. The Northern Field owes
its decline to a variety of factors. Deep mining has been restricted
in this Field by excessive water, and the opportunities to strip the coal
are limited by the historic depletion of amenable veins. The greatest
reserves of anthracite lie in the Southern Field where production of anthra­
cite in 1970 reached 3.7 mill ion tons. This Field has yielded the greatest
volume of anthracite in recent years.

·1:,0

TABLE 1-7

TOTAL ANTHRACITE PRODUCTION BY FIELD*

Selected Years 1950-1970

Field 1950 1955 1960 1965 1970

Northern 20,275,284 10,481,822 6,348,253 4,550,780 2,086,000

Western 11,019,176 6,551,139 5,176,725 3,464,190 2,545,000
Middle

Eastern 3,085,370 2,358,410 2,121,500 2,026,884 1,511,000
Middle

Southern 9,696,875 6,813,184 5,170,963 4,824,101 3,700,000

*Tons

Source: Minerals Yearbook, U. S. Bureau of Mines, Selected Years
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c.6 Employment

Accompanying the long term decline in production of anthracite coal
has been a steady decrease In employment for Pennsylvania anthracite workers.
Employment in the industry reached its peak in 1914 with over 180,000
employees. By 1940 the ranks of anthracite workers had been cut in half.
The relative decl ine became even more rapid until 1970, at which time only
6,000 workers remained in the industry. Table 1-8 indicates that by 1973
strip miners outnumbered deep miners for the first time. Dredge and bank
employees still represented a small portion of the total in 1973. The
total manhours of labor in the industry has also declined more than ten
fold in the last two decades.

C.7 Consumption

In the early years of anthracite mining, the markets were 1imited to
Philadelphia, New York and the immediate vicinity of the coal fields. As
transportation improved, the markets became more wide spread. The Middle
Atlantic States, New England and Canada remained the heaviest users of
the coal as shown in Table 1-9. in 1970 the Middle Atlantic States alone
received 74 percent of the total shipments. Railroads have allowed the
lake states, mid west and western states to be the markets of least decl ine
in the last 20 years. In 1972 the western states and Canada received
more coal than in 1970. These two regions represent the only areas of
growth of anthracite consumption.

Today anthracite coal is used primarily as a fuel for household
heating. Before 1910 this was not the case, the clean burning coal was
used industrially in foundries, blacksmith shops, and iron and steel pro-
duction. Early in the 20th Century coke repiaced anthracite as the major
industrial fuel. At the same time that anthracite was reaching its zenith
as a home heating fuel, some railroads also switched from bituminous to
anthracite coal. Later in the 20th Century electric power generation
became a large market for anthracite coal. Table 1-10 shows that space
heating (commercial and residential) and electric utilities are the major
consumers of the fuel today. Both sources of demand have been declining,
however. In 1972, retail delivery of coal amounted to slightly less than
three mi llion tons and electric utilities consumed 1.6 million tons. The
combined demand represented 4.5 million tons of anthracite, which is 36 per-
cent less than the demand of a decade earl ier. In the 1960's only cement
plants and the steel industry have shared a steady or increasing demand
for anthracite coal. In 1969 these two consumers received 13 percent
of the total output.

C.8 Causes for Industry Decl ine

The decline in Pennsylvania anthracite production since 1917 is
primari1y the result of a competitive disadvantage in prices compared with
other energy sources. Characteristics unique to the anthracite industry
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TABLE 1-8

ANTHRACITE EMPLOYEES BY COUNTyl

Pennsylvania Anthracite Region
1973

Breaker
and Total

County Deep Bank Strip Washery Employees

Carbon - 5 39 - 44

Columbia 22 - 2 - 24

Dauphin 18 6 - 26 50

Lackawanna - 6 175 70 251

Luzerne 230 78 562 473 1,343

Northumbe r 1and 70 28 190 184 472

Schuy1ki 11 396 201 655 590 1,842

Su11ivan 2 - - 10 11 21

Susquehanna - 3 - 3 6

Region Total 736 327 1,633 1,357 4,053

IDredge employees excluded.
2Sem i-anthracite production.

Source:
Resources,

~~ual Report, Pennsylvania Department of Environmental
1973, p.109.

l - 19



N
o

TABLE 1-9

DISTRIBUTION OF PENNSYLVANIA ANTHRACITE*

Domestic and Foreign
Selected Years 1950-1972

-

Region 1950 1955 1960 1965 1970 1971 1972
..

I
New England 3,705,810 1,813,588 944,121 406,305 126,390 104,491 89,132

~1iddle Atlantic 30,442,451 19,785,414 14,812,945 10,517,403 7,085,771 5,889,685 5,529,626

South Atlantic 1,102,554 665,690 532,765 454,755 162,727 133,394 102,105

Lake States 1,468,692 817,650 635,151 456,313 522,119 485,946 355,392

Other States 170,820 281,311 I 276,698 324,470 308,951 424,732 448.715

Total U.S.A. 36,890,327 23.363,653 17,201,680 12,159,246 8,205,958 7,038,242 6,524,970

Canada 3,625,373 2,305,024 1,382,455 506,379 358,410 443,783 418,262

Other Countries 1,040,315 817,580 228,664 1,619,402 1,002,513 1,089,501 898,595

Total 41,556.015 26,486,257 18,812,799 14,285,027 9,566,881 8,571,532 7,841,827
--- C'''_ ----

"'Tons

Source: Minerals Yearbook, U. S. Bureau of Mines, Selected Years.
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TABLE 1-10

CONSUMPTION OF PENNSYLVANIA ANTHRACITE BY CONSUMER CATEGORY*

United States
1955 - 1972

Iron & Steel Industry

Retai 1 Co 11 iery Electric Briquette Cement Coke Sintering &

Year De 1i very Fuel Railroads Ut i 1it ies Plants Plants t1ak i ng Pelletizing Other

1955 13,019 419 457 3,209 264 199 366 385 443
1956 13,018 342 409 3,296 228 244 377 564 625
1957 10,670 279 361 3,363 156 221 389 868 698
1958 9,386 195 335 2,786 120 183 255 685 686
1959 7,562 129 292 2,629 43 159 369 780 683
1960 6,775 102 248 2,751 31 152 370 754 720
1961 5,070 45 _ 1 2,509 28 153 320 588 685
1962 4,767 152 - 2,297 _ 2 188 420 560 609
1963 4,055 161 - 2,155 - 184 451 766 670
1964 3,334 144 - 2,239 - 153 492 1,014 -
1965 3,126 143 - 2,158 - 269 507 966 2,2293
1966 5,6224 141 - 2,192 - 187 515 897 1,846
1967 5,035 143 - 2,186 - 239 528 819 1,850
1968 4,759 56 - 2,203 - 281 532 748 1,681
1969 4,209 17 - 1,849 - 213 543 623 1,355
1970 4,042 16 - 1,897 - _ 5 472 464 1,357
1971 3,850 15 - 1,646 - - 421 339 1,037
1972 2,960 11 - 1,584 - - 474 283 603

*(1,000 Net Tons)

lRailroads no longer listed as a separate category after 1960.
2Briquette plants no longer listed as a separate category after 1961.
3Classification "Other" becomes more comprehensive in 1965.
4Classification switched in 1966 to "Residential Commercial Heating';.
5Cement plants no longer I isted as a separate category after 1969·

Sour~e: Minerals Yearbook, U. S. Bureau of Mines, Selected Years.
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have precipitated the falling market demand. The culprits to the industry
range from management, labor and transportation constraints to unfavorable
legislation, the nature of the mineral anthracite, and its geologic location.

Harold Aurand cites overinvestment as the industry's basic weakness. 1

In the latter part of the 19th Century, capital costs for opening mines began
to soar. Railroads, with their access to money markets, soon gained control
of coal operations. By 1925, seventy-five percent of the tonnage being
mined was controlled by the railroad companies in the area. The mines in
this period were constructed without regard to optimal long run size but
rather with an eye to the need for immediate rail freight.

When the Supreme Court broke up the railroad monopoly and divestment
followed, in 1926 the Anthracite Coal Industry Commission found that freight
rates became discriminatory against anthracite as opposed to bituminous coal.
As early as 1915 the Interstate Commerce Commission had found freight rates
to be excessive for the anthracite industry. In a report of the Pennsyl-
vania Anthracite Coal Industry Commission 2 in 1938 the freight rates for
selected shipping distances are compared between anthracite and bituminous
coal. The unweighted average miles per shipment of bituminous coal was
377 miles at a cost per ton mile in 1937 of 0.825 cents. The anthracite
rate for an unweighted average trip of 291 miles came to 1.237 cents
per ton mile in 1937.

Organized labor chipped still more away from anthracite's competitive
position. The strike during the winter of 1925-26 led some consumers to
search for more dependable supplies of fuel. Also, as the United Mine
Workers' bargaining strength increased, they demanded the "equalization of
work time" rule. Management was thus faced with operating mines three and
four days a week at prohibitive costs. Finally, by 1959, the anthracite
health and welfare payments had risen to seventy cents per ton, opposed to
only 40 cents per ton in the bituminous industry.

Aside from the internal difficulties of the industry, the nature of
the product must also be considered. Plate 1-3 portrays the relative
20th century production of British Thermal Units of energy in the continental
United States from mineral and hydropower sources. The role of coal as an
energy source has declined severely from almost 90 percent of the energy
output to less than 20 percent in 1970. The anthracite industry first
lost most of its industrial market to bituminous coal early in the 20th

IH. Aurand, From the Molly Maguires t~ U.M.W., Temple University Press,
Philadelphia, 1971, page 93.

2Report of the Anthracite Coal Industr
A

Commission, Pennsylvania Anthra­
cite Coal Industry Commission, June 30,193 , pages 564-5.
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Century and then lost a share of the space heating market to 011 and gas
partially because of the inconvenience of coal heat. Consumers preferred
not to shovel, stoke or store coal once gas and oil became available.

The competitive position of anthracite was additionally eroded by the
geological features of the area which hindered the application of cost
reducing technologies and large scale operations. The majority of anthracite
remains too inundated or too deep underground for stripping operations.
The overburden of sandstone and shale, the steep pitches of the coal seams,
and the hardness of the coal all reduced the role of cost cutting mechan­
ization in the industry.

Finally, state and federal mining laws regulating the anthracite
industry have been in some respects restrictive.

A recent example is the Federal Coal Mine Health and Safety Act of 1969.
The standards for ventilation, hoists and automatic couplers established
by this law have been burdensome to marginal deep mines. The sudden capital
expenditure necessary for compliance was enough in many cases to foreclose
the operation.

The combined forces of market competition as well as management, labor,
production, transportation, and legal constraints proved too awesome for the
anthracite industry. As the market price for anthracite lost its sweetness
and demand evaporated, new fuels stood ready to fill the energy void.



CHAPTER I I - SUMMARY

THE INDUSTRY TODAY - PRODUCTION AND DISTRIBUTION

A. rllNING METHODS AND FACILITIES

Deep mines are usually slope or drift mines, and the traditional Ilgang -
way, chutes andheading" method of extraction is the most common. Innova~

tionsinclude "longhole'l and IIs 1ant chutel' production. There is little
mechanization.

Strip mining is performed by blasting the rock overburden and removing
the fractured material and coal with a dragl ine, power shovel or front-end
loader.

48

Culm banks are us.ually recovered with a front-end loader.
streams are s till dredged for coa 1 fines.

Several

Preparation plantsare mostly pre-1950 vi ntage, and des i gned to process
local coal. Heavy media separation is the most popular method of cleaning
coal. Anthracite is marketed in ten sizes·.

B. ORGAN IZAn aNAL STRUCTURE

1973 PRODUCTION - THOUSANDS OF TONS

Southern Field
Western Middle Field
Eastern Middle Field
Northern Field

Tota 1s

Deep Stri p Culm Total

442< 1,139. 1,062 2,643
90 594 656 . 1,340

4 865 424 1,293
167 68T 163 1,017 ....

703 3,285 2,305 6,293

. ... ....->< •. . ... . .... ..iI'"
In 1973, there wer~189ianthraciteoperators, The Readi ng. Company IS

productTonqr .7S8,OQo\tonsled •.• the industry,. The top twenty companies
producedZlp~rc~7toftotaLoutput Productivity of all modes of produc-
tion wasg~nerallysu.~stantia11yhlgherinthelargerorganizations,the
bes1: .averag.esamongvari ous 9 roupi ngs .• offi rmsizeswere:
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Deep Mining 6.4 tons per man day
Strip Mining 10.8 tons per man clay
Culm Banks 67.4 tons per man day

In December 1974, the~reenwood Stripping Corporation was purchased by
the Bethlehem Steel Company, thus becoming the only "captive" anthracite
mine. .

C. LABOR

The anthracite industry labor force-numbered 4,783 in 1972. In 1973,
936,000 man days I/Jere worked, 377,000 of these in the Southern Field; 44 per­
cent of the man days were in stripping, 33 percent in preparation processes.

Several training programs have been offered since the inception of the
ManpO\r.Jer Development Training Act, 1962.

Over half the anthracite workers are members of the United Mine Workers
of America. The average age of union anthracite workers was estimated at
45 in 1974. Payments to the Anthracite Health and Welfare Fund were 90 cents
per ton in 1974.

The other major labor groups are the Independent Miners and Associates
and the Independent Miners,-Breakersand Truckers Association.

In 1954, anthracite and bituminous workers earned the same average hourly
wage. In 1972, the figures were $>.71 and $5.34 respectively. However,
the anthracite worker receives substantially better pay than the average
manufacturing worker in the region.

D. INDUSTRY COSTS

In 1972, the average costforproducing a ton of anthracite was $13.32,
compa red wi th $7.94 for bi tum inous coa 1. Labor was the larges ts i ng 1e com­
ponent at $4.95 per ton of anthracite, and was a substantially higher propor­
tional cost for deep minihg than for strip mining.

Special factors infl~enclng the costs of anthracite are: the necessity
for substantial pumping; the consequent treatment costs of these large
vo 1umes of water; the hard rock'overburden that has to be removed for
stripping operations; and the archaic deep mining methods.

The minimum bond required for reclaiming stripped anthracite land
is $l,OOO/acre. Assessments for IIB1ack Lung ll payments are currently being
negotiated between the state and the operators.
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One estimate for the development of a 25,000 ton per year deep mine is
$250,000. Large scale strip operations can require over $10 mi 11 ion in­
vestment. Some of the larger draglines cost over $5 million each.

Capital for expansion is a problem, which should be alleviated when
renewed confidence in tre industry is generated.

E. TRANSPORTAT ION

Twenty-four percent of anthracite shipments remain in the region, 71
percent within the states of Pennsylvania, New Jersey and New York. The
great bulk of exports (16 percent of 1973 production) is via Baltimore and
Philadelphia.

In 1973, 57 percent of anthracite was shipped by truck, 43 percent by
rail. The truck percentage increased from 18 percent in 1950.

Five of the six major railroads serving the region are in bankruptcy
proceedings. In 1973 the Reading Railroad carried 55 percent of the anthra-
cite shipped by rail,p!?,~2.2 million tons. Considerable deterioration
in the equipment, infrastructure, and service of the railroads is apparent.
A shortage of hopper cars is frequently experienced.

There is considerable concern in the State that the 1973 Regional Rail
Reorganization Act could result in the abandonment of critical tracks and
rights of way, causing several mines to cease operations.

The volume of anthracite shipped to anyone destination is too small
to warrant unit trains, thus this opportunity to reduce freight costs is
not available. Average anthracite and rail rates have doubled since 1965,
whi le bituminous rates have decl ined 14 cents per ton.

Truck transportation has been helped by the opening of a good network
of Interstate highways to supplement the older Turnpike.

RaIlroads are more efficient land users, taking only seven percent of
thCit needed for a major highway right of way. If anthracite production in­
creases, both modes will have to share. the bigger load.

F. LEGISLATION

The President is seeking amendments to acts so as to encourage a greater
use of coal. Acts currently having the most effect on anthracite mining
inc lude:

Federal Energy Administration Act of 1974. Oil and gas use is to be
reduced in favor of coal.

r: o·\...] \



h:1
"-':' ...1.",

Energy Supply and Environmental Coordination Act of 1974, prohibiting
major coal burning installations from converting to oil or gas.

Clean Air Act of 1965 (with amendments). Pollutant emission limits
would favor use of anthracite.

Energy Reorganization Act of 1974, establishing Energy Research and
Development Administration, will encourage development of new
fuel technology.

Non-Nuclear Energy Research and Development Act of 1974 should encourage
coal development.

Federal Coal Mine Health and Safety Act of 1969 establishes requirements
that are difficult for anthracite operators to meet, specifically
those relating to ventilation. electrical wiring and hoisting
equipment.

Pennsylvania Anthracite Coal Mine Act of 1965 has some conflict with
requirements of Mine Enforcement and Safety Administration, also
problem with roof bolting reqUirements.

Pennsylvania Clean Streams Law of 1970, prevents pollution of
watercourses.

Pennsylvania Surface Mining and Reclamation Act of 1971 requires restora­
tion of the land to original or acceptable contours. Requirement
that highwal1 does not exceed 35 degrees difficult to meet in
steeply pitching anthracite beds.

Pennsylvania Air Pollution Control Act, 1968 (amended 1972) establishes
parameters for permissible air pollution. Requirements for
sulphur dioxide emission would favor use of anthracite.



~. 53

At some point in the seam, a gangway is driven right and left of the
tunnel or slope. At predetermined intervals chutes are driven up pitch
to connect with a parallel entry or monkey heading. These chutes serve
the dual purpose of providing an efficient means of ventilating and as a
loading chute for coal extracted further up pitch.

Many methods exist for pitch coal mining, depending on the angle of
inclination, firmness of seam, and competency of underlying and overlying
strata. The extraction of anthracite on pitching seams has led to the
development of many patterns, which are followed to this day (see Plates
11-1, 11-2, and 11-3). The design usually adopted is to determine the
required lift and apply one of several methods for winning the pitching
seams. On moderate pitches and thicknesses, the full seam is excavated
to such widths as roof and bottom conditions allow. These pitching en­
tries, or breasts, may be driven with the pitch or slanted. At selected
intervals, parallel breasts are driven and interconnected by a series of
headings. The pillars separating the breasts will be won by splitting
or skipping.

Heavy pitching seams are simi 1arly driven, but require a platform on
which men can safely work. This is accomplished by containing most of
the mined anthracite within the excavated breast. Travelways are provided
along the ribs for access to and ventilation of the face area. Excess
anthracite, from the developing face, is channeled through the travelways
to a loading chute at the gangway level.

Innovations which have reduced the effort and make deep mining more
efficient include "l onghole" and "s lan t chute" production. Longhole mining
is essentially a recovery method used in conjunction with conventional mine
development. Two methods are widely used. One requires the use of con­
ventional pitching entries to provide access to the separating pillars. A
series of long holes are drilled into the pillar and charged. The frac­
tured mass is loaded from the breast chute. The second method requires
access to a long face by either a breast heading or an airway heading.
Long holes are drilled in a fan-like pattern and charged. Under ideal
conditions, complete recovery of the seam and minimal exposures to the usual
mining hazards can be expected.

The slant chute technique of mining (Plate 11-4) provides an additional
gain In safety and efficiency where seams are steeply pitched. This method
allows mining at a more workable angle. The reduced slope is achieved by
driving diagonally across the pitch at grade angles necessary for material
flow.

Aside from some experimental work, underground mechanization in
anthracite mining is limited to loading and haulage. Table 11-1 reveals
the present mix of machinery employed in loading. Scraper loaders are
used to handle the greatest volume of coal. In 1972, only eleven mobile
loaders were used in the entire industry. Mechanical miners which have

II - 2
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CHAPTER II

PRODUCTION AND DISTRIBUT~ON

A. MINING METHODS AND FACILITIES

The historic reliance on deep mining as a major source of anthracite
coal has been altered by technological advances in surface excavation
equipment. The source of today1s coal has shifted from deep mining to
strip, culm bank and stream recovery. Each approach to mining requires a
separate technique and mix of labor skills and capital equipment.

A.l Deep Mining

All deep mined coal in the Pennsylvania Anthracite Region is produced
by methods established by traditions which can be traced to the industry1s
origin. The steep pitch of anthracite veins reqLlires special approaches.
Four types of entries are used and are defined as follows:

1. Drift Entry

When the topography allows sufficient lift, a water level entry
is excavated at a low point in the crop line. The drift entry follows
the seam on a rising grade sufficient to allow for the gravity flow
of mine water. The drift entry also serves as the developing gang­
way.

2. Tunnel Entry

As the name implies, a horizontal entry is driven into and through
the overlying or underlying rocks to intersect a seam or seams. As
with a drift entry, a tunnel entry is driven on a sl ight rising grade.

3. Slope Entry

Following the pitch of the seam to the dip is the usual practice.
The entry may be at right angles to the strike or deviating to the
right or left. Because of the absence of suitable areas for drifting,
and the expense of tunnel driving, slopes are the dominant means of
entry.

4. Sha.ft En!.!:1.

The shaft is a vertical excavation driven to intersect a coal seam
at depth.

I I - 1



METHOD OF WORKING BREASTS
(MODERATE PITCH)

PLAN

CROSS SECTION A-A

SOURCE: Pa, Second OeologicaISvrvey-, /883
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M'ETHOD OF WORKING BREASTS
( STEEP PITC H )

SOURCE: Po. Second GeologicolSI/rvefj- /883
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SLANT MIN I NG
(OFF LEVEL ENTRIES)

--+ OIRECTION OF Jl'cNTILA.rJON

$OORCc: A. B. RIEOEL, Pc.
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TABLE I I-I

PENNSYLVANIA ANTHRACITE LOADED MECHANICALLY UNDERGROUND

(Thousand Short Tons)

Scraper Loaders Mobile Loaders Conveyor1 and Total 2 Loaded
Pit-Car Loaders Mechanically

Year Number Quantity Number Quantity Number Quantity Number Quantity
of Units Loaded of Units Loaded of Units Loaded of Units Loaded

1968 131 710 26 121 184 643 341 1,475

1969 106 567 25 190 158 570 289 1,327

1970 103 491 20 183 147 476 270 1,151

1971 95 319 18 151 91 199 204 670

1972 81 347 16 136 46 III 143 594

llncludes duckbills and other self-loading conveyors.
2Data may not add to totals shown because of independent rounding.

Source: Minerals Yearbook, U. S. Bureau of Mines, 1972, p.41l.
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been successfully applied in retrieving bituminous coal have not been suit­
ably developed to mine the steeply pitched anthracite veins.

The transporting equipment varies from conveyor belts and chain con­
veyors to locomotives and rolling stock within the haulageways. Lifting
equipment in the shafts and slopes are primarily of the drum hoist or winch
type.

A.2 Strip Mining

Anthracite strip operations vary from shallow excavations along the
outcropping limbs to the complete removal of synclinal troughs extending
hundreds of feet below the surface and covering many acres of land. Four
separate operations are required in strip mining today:

1. Drilling and blasting the overburden
2. Removal of the overburden
3. Coal extraction
4. Backfilling.

The drilling is normally done using a blast hole drill rig which may
be truck mounted or self propelled. One of the more common dril Is is a
diesel powered rotary type which will normally be used to sink holes 30 to
60 feet deep. Soft rock can be penetrated at a rate of 800 to 1,000
feet of hole per shift.

After fracturing the overburden along pre-drilled blasting patterns,
the rock is then removed either by draglines, power shovels or front end
loaders. Each unit has its own special advantages. A dragline can
handle the larger rock fragments, reach into inaccessible steeply pitched
areas, retrieve debris from inundated areas, and permit direct casting of
the overburden. It is, however, extremely expensive, and somewhat immobile
(especially the larger walking unit).

The power shovel has more digging and lifting power than the drag1ine
and has a somewhat faster truck10ading cycle. At the same time, the man­
euvering and positioning of the equipment is more crucial than that of the
drag1 ine. Power shovels are more efficient when operating on a flat terrace
and situated such that the bucket can be filled by gravity and the overburden
placed directly into the holding unit. The selection of power shov,e1s also
sacrifices mobility in the interest of lifting power and bucket stabil ity.

The front end loader most commonly used is an articulated wheel mounted
unit. The lifting capability of these units ranges up to 20 yards of
material at a time. A special advantage is realized by the combination
of superior lifting power and mobility. The front end loader is most
efficient when the material being loaded is either loose, finely blasted,
or in a bank condition. For optimal utilization the overburden must be

I I - 8
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drilled and blasted at closer intervals. Because the front end loader
can operate at close quarters it has been extensively adopted by strip
miners.

Any of the aforementioned vehicles are suitable to extract coal once
it has been fractured for handl ing. Equipment selection must, however, be
coordinated with the requirements for removing overburden. Throughout the
entire anthracite mining industry in 1972 there were 118 draglines, 103
front end loaders, and 60 power shovels in use. Some of this equipment was
not dedicated solely to strip mining, since similar operational techniques
are required in culm bank recovery.

To backfill, both the front end loader and crawler mounted draglines
are suitable for moving material. In addition, if the terrain permits,
both the bulldozer (crawler or wheel mounted) or the scraper-loader can be
used effectively.

A.3 Culm Bank Recovery

Culm banks contain the accumulated waste products from coal preparation
plants. Early burning equipment was not designed for finer size coal.
As new markets for smaller sizes have grown, previous waste material can
simply be loaded into trucks and hauled to a preparation plant for processing.
Some culm banks used by the utility companies are adaptable to existing
boilers and require no processing.

To recover the culm bank coal the power shovel, front end loader, or
smaller crawler-mounted draglines are used. The selection of equipment
is again based upon the judgment of the operator in relation to the nature
and location of the bank material.

A.4 Dredge Coal

The beds of waterways which drain the Anthracite Region became covered
by substantial amounts of anthracite in the early days of mining. Before
the introduction of environmental regulations, preparation plants discharged
waste directly into streams. In addition, naturally eroded coal and silt
material collected in the Susquehanna, Schuylkill and Lehigh Rivers, as
well as their tributaries.

Dredge coal is siphoned from the river bed by rotary pumps installed
in dredge barges. In most cases the coal can be prepared on board prior
to docking. As dredging operations follow the silt slowly downstream the
recovery is not confined to the anthracite reserve area. In 1972, dredg­
ing occurred in Berks, Lancaster and Snyder Counties, in addition to the
counties in the Anthracite Region.

II - 9



A.5 Preparation Plants

Most anthracite preparation plants were constructed prior to 1950.
The larger plants have been modernized although the bulk of the new equipment
is often material that has been salvaged from abandoned plants elsewhere.
The industry currently has two types of preparation plants - those that
handle coarse coal, and those that process the finer particles.

Because the washability characteristics of coal varies among veins,
or even among locations within the same vein, each preparation plant must
constantly monitor its cleaning process in order to provide a salable coal.
Adjustments to the crushers, screens, and the specific gravity of the separ­
ating media determines the size and quality of the products for a particular
plant.

A.5.a Cleaning

The 30 largest preparation plants have a variety of coal washing units. 1

The most commonly employed facilities include:

1. Heavy media separators
2. Hydrotaters
3. Mechanical classifiers
4. Cyclone class ifiers
5. Cone cleaners

Heavy media separation is the most advanced and popular method of
cleaning coal. Crushed coal is fed to a vessel containing a mixture of
finely ground magnetite and water. The mixture maintains a specific
gravity upon which the coal will float and the heavier refuse will sink to
a sump for removal to the culm bank.

The hydrotator is a form of classifier designed especially for anthracite
and was introduced in 1925. 2 It was designed to clean coal sizes larger
than the Buckwheat No.5 and as an additional factor, can be used for thicken­
ing. An agitator, suspended in a tank and supplied with water under pres­
sure, creates an upward current. The materi ali s fed into the tank and
the fines are permitted to go into suspension. A density is created which
will float coal of either a desired size or specific gravity. Once the coal
is "classified" it is removed at the surface and heavier refuse material
collects at a sump.

lKeystone Coal Industry Manual, McGraw-Hill, Inc. 1974.

2D. R. Mitchell, Coal Preparation, Seeley W. Mudd Series, 1943.

II - 10



A classifier is a more special ized cleaning unit that processes fine
materials used for industry (Buckwheat No.5 coal). In the classifier a
coal-water mixture is introduced into a tank in which the mixture is agi­
tated and circulated to create an upward current. The lighter coal is
held in suspension and drained off. The heavier refuse settles to the
bottom and is transported by a conveyor to a disposal area.

Further classification may be accomplished using a froth unit opera­
tion. One particular system is designed to extract the finer Buckwheat
No.6 coals, which were previously discarded. l A somewhat dry coal is
introduced to a circulating oil and water bath where the coal particles
are mixed with air bubbles and rise to the surface with the oil froth.
The coal is then continuously skimmed off by a scraping mechanism and
dewatered.

The cyclone classifier has no moving parts and uses a recirculating
water system to clean the fine coals. The uses can be quite flexible, it
can serve as a wet classifier or a density separator. 2 The feed (aver­
aging one-eighth to three-eighths inches) is normally introduced under
pressure into a vertical chamber where a cyclonic water action creates a
vortex. The fine material (including pyrites) then collect at the vortex
and are drawn off for further separation. The coal is removed at the cone
apex (located at the cyclone1s lowest elevation) where it is then dewatered.
Depending on its size a cyclone can classify coal from 28 to 300 mesh.

The cone cleaners are supplied by a variety of manufacturers, and are
generally used to clean the larger domestic size coals. The coal is mixed
with water, agitated into suspension, and then carried off the dewatering
and sizing screens.

Currently, there is only one concern remaining in the Region that
engineers and designs anthracite preparation facilities. Most of the newly
installed equipment is from other material processing systems.

A.6 Sizing

The marketable coal is sized at the preparation plant as it is gravity
fed through a variety of screening devices. There are ten sizes of anthra­
cite coal sold, as listed in Table 11-2. The sizes range from broken coal
which screens through four and three-eighth inch mesh, to Buckwheat No.5
which is three-sixty-fourth inches or less. The Anthracite Committee

lWilmot Preparation Equipment, Bulletin CC-552, Wilmot Engineering Com­
pany, White Haven, Pennsylvania.

2Joseph W. Leonard, SME Mining Engineering Handbook, Vol.2, p.27-54.
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TABLE 1'1-2

STANDARD ANTHRACITE SPECIFICATIONS

United States
As of 1947

Percent

~~::~~~e l H~3~~f:~:;-m"m-:
Maximum Impurities 1

Round Test Mesh
Size I ( Inches) Slate I Bone I Ash 2

- -_._._-_. , ....•._--_._--

Broken I Through 4-3/8 - - - H 2 11
Over 3it to 3 - 15 n - - -

Egg I Through 3-k to 3 5 - - 1~ 2 11
Over 2-7/16 - 15 n - 3 11

Stove I Through 2-7/16 n - - 2 3 11
Over 1-5/8 - 15 n - - -

Chestnut I Through 1-5/8 n - - 3 4 11
Over 13/16 - 15 n - - -

Pea I Through 13/16 10 - - I, 5 12I
.

Over 9/16 - 15 n - - -
Buckwheat No.1 I Through 9/16 10 - - - - 13

Over 5/16 - 15 n - - -
Buckwheat No.2 (Rice) I Th rough 5/16 10 - - - - 13

Over 3/16 - 17 n - - -
Buckwheat No.3 (Barley) I Through 3/16 10 - - - - 15

Over 3/32 - 20 10 - - -
Buckwheat No.4 I Through 3/32 20 - - - - 15

Over 3/64 - 30 10 - - -
Buckwheat No.5 I Through 3/64 30 No Limi t - - 16

I

('f)

(J.)

IMinor exceptions are allowed under special circumstances.
that has Jess than 40 percent fixed carbon, Bone is defined as

l or more, but less than 75 percent fixed carbon.

2 Ash determinations are on a dry basis.
------ - ---- ---------- --_._--,--~---_.-

Slate is defined as any material
any material that has 40 percent

Source: Minerals ~earbook, U. S. Bureau of Mines, J972, p.397.
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TABLE 11-3

PERCENT OF ANTHRACITE PRODUCTION BY SiZE

Pennsylvania Anthracite Region
Selected Years 1950-1972

Size/Year 1950 1955 1960 1965 1970 1971 1972

Egg 3.5 1.4 0.6 2.9 2.1 2.1 1.1
Stove 18. 1 19.8 12.8 12. 1 10.3 11. 1 11.0
Chestnut 22.4 21.3 16.9 14. 1 12.7 11.2 11.4
Pea 7.9 8.3 11.6 10.0 9.3 9.2 8.5

PEA OR LARGER 52. 1 51.0 42.0 39.0 34.4 33.6 32.0

Buckwheat #1 14.6 11.7 13.3 12.2 11.8 11.8 11.2
Buckwheat #2 8.6 7.9 9.2 9.7 9.4 9.3 9. 1

(Rice)
Buckwheat #3 11.9 10.9 11.8 11.0 12.2 11.6 11.3
Buckwheat #4 6.2 6.9 5.5 5.4 6.6 7.4 8.0
Buckwheat #5 it\. 3.4 8.6 10.5 11.8 14.6 16. 1
Others 6.6 8.2 9.6 11.3 13.8 11.7 12.3

BUCKWHEAT OR
SMALLER 47.9 49.0 58.0 61.0 65.6 66.5 68.0

*In 1950 Buckwheat #5 was not listed as a category
39.6 Percent decline of Pea or Larger 1950-1972
26.9 Percent decline of Buckwheat or Smaller 1950-1972

!

Source: Minerals Yearbook (Fuels), U.S. Bureau of Mines, Selected Years
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adopted the current standard specifications for processed anthracite in 1947.
The standards include limits on size, variations and impurities.

Pea or larger sizes of anthracite (domestic) accounted for 32 percent
of the marketable product in 1974 (Table ((-3). The industrial sizes
(Buckwheat No.1 or smaller) have grown in popularity since more sophisticated
furnaces and equipment became available. The relative increase in culm
bank recovery has also augmented the production of smaller sizes relative
to domestic coal. As a result, in the period from 1950 to 1972, pea and
larger production declined 30.6 percent, while industrial sizes declined
by a lesser 26.9 percent.

B. ORGANIZATIONAL STRUCTURE

B.l Production

Total anthracite production for the year 1973 reached 6.7 million tons. 1

The bulk of the output came from strip and culm bank operations. The com­
bined volume of deep and dredge coal amounted to less than 1.5 millfon tons.
The production levels through October, 1974 are slightly below those for the
same period in 1973. Output has declined by 10.2 percent and only bank opera­
tions have managed to increase their output (4.9 percent) in 1974 (Table 11-4).

TABLE 11-4

COAL PRODUCTION STATISTICS
Pennsylvania

(Through October) 1973, 1974

ANTHRACITE (Tons) 1973 1974 % Change

Deep Mine 578,991 522,047 - 9.8%
Strip 2,875,140 2,310,622 - 19.6%
Bank 1,902,773 1,977 ,099 + 4.9%

5,356,904 4,809,768 - 10.2%

-
Source: 'IAnthracite Accumulative Survey, Comparative Analysis to

Previous Year", Pennsylvania Department of Environmental Resources,
January, 1975.

IMineral Industries Survey, U. S. Bureau of Mines, "Pennsylvania Anthra­
cite Weekly'l, March 29, 1974.
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B.2 The Producing Unit

The 189 anthracite operations! in 1973 displayed a wide range of produc­
tion capacities and organizational arrangements. The anthracite industry
includes small independent underground mines with a couple of employees, as
well as the largest three companies which were able to produce 28 percent of
all the industry's coal (see Table 11-5), and employ hundreds of workers.
Small operations frequently involve a single mine or surface location and
the raw coal in these cases is usually sold to a breaker or washery. Large
companies had, in 1973, as many as 27 production sites and preparation
plants. Extraction totals by many companies crossed freely over the cate­
gorical boundaries of strip, deep and bank production. The larger companies
were able to internally process their raw coal as well.

The corporate structure of large companies is very complex, with quasi­
independent operations to provide various functions. As an example, three
operations (two of which are 1isted in Table 11-5) are reported as separate
companies in the production figures by the Pennsylvania Department of Environ­
mental Resources, yet all three fit comfortably under the title of Pagnotti
Enterprises.

As of 1970, there were no " cap tive" mines in the anthracite industry.
The vertical integration of industries has, however, encroached upon the
producing operations since then. In December, 1974, the Bethlehem Steel
Company purchased the fourth largest anthracite concern - the Greenwood
Stripping Corporation, whose output in 1973 totalled nearly 350,000 tons.
Greenwood thus became the first captive mine in recent anthracite history.

B.3 Concentration of Output

The Reading Company amassed the greatest output for a single firm in
1973. Reading's 758,000 tons of coal represented twelve percent of all
anthracite production for the year. The top twenty anthracite companies
1isted in Table 11-5 combined to produce 81 percent of all output. This
pattern of production concentration among the top firms has prevailed in
the anthracite industry for the last quarter century. Although the Glen
Alden Company produced 5.8 million tons in 1950, that impressive volume
still only embodied approximately twelve percent of the industry's output
for that year. In the same year the top twenty firms produced 72.3 percent
of all coal. The absolute production volume of the large firms deteriorated
in recent years, but 'their relative production share has remained.

IThe Pennsylvania Department of Environmental Resources cites 181 Deep,
Strip and Bank operations in the 1973 Annual Report of the Office of Mines
and Land Protection, and the U. S. Bureau of Mines reports eight dredge
operations in the 1972 Minerals Yearbook.
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TABLE (1-5

MAJOR ANTHRACITE PRODUCERS

Pennsylvania Anthracite Region
1973

Operator

1. Reading Anthracite Co.
2. Jeddo-Highland Coal Co.
3. Blue Coa 1 Corporat ion
4. Greenwood Stripping Corporation
5. Koche r Coa 1 Co., Inc., Leon E.
6. Lehigh Valley Anthracite, Inc.
7. Manbeck Dredging Co., Inc.
8. Gilberton Coal Co.
9. Hecla Machinery & Equipment Co.
10. United Gas Improvement Corporation
11. B-D Mining Co.
12. Kerris & Helfrick, Inc.
13. Beltrami Enterprises, Inc.
14. Glen-Nan, Inc.
15. Schuylki 11 Contracting Co.
16. Northwest Mining Co., Inc.
17. Sp 1it Ve in Coa 1 Co., Inc.
18. Raymond Colliery Co., Inc.
19. Schickram, William
20. Ros i n i Coa 1 Co.

Total Top 20 Companies

Total Production

Production
(Tons)

757,759
572,808
459,969
359,741
326,266
324,390
275,800
269,920
246,221
244,935
237,411
182,688
179,767
164,153
147,029
97,393
66,801
64,317
59,845
58,752

5,095,965

6,293,013

Cumulative %of
Total Production

12
21
28
34
39
45
49
53
57
61
65
67
71
73
75
77
78
79
80
81

Source: Annual Report, Pennsylvania Department of Environmental
Resources, 1973, p.113.
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A study by Moyer l in 1964 indicated that large horizontally integrated
commercial companies gain financial strength through diversity of geographic
markets and numerous operating units. The absence of large horizontally
integrated firms in the anthracite industry today may be one of the factors
wh i ch mi 1i tates aga i nst the health of the industry. A1 though some concen­
tration of output occurs In the anthracite industry, the absolute magnitude
of these producing units pales in comparison to bituminous companies. Pea­
body Coal Company produced over 69 million tons of bituminous coal in 1973.
The revenues and ample resources which attend such production levels enable
long term contracts with large coal consumers as well as a flexible financial
posture.

Moyer1s studies further reveal that the large integrated companies
operated 15 to 20 percent more days than the single companies in 1960. This
pattern still holds for multiple-mine anthracite companies. In 1974 Pagnotti
workers averaged 292 days of work compared with the industry average of 233
days.2 For these reasons Moyer advocates consolidation as a means of
strengthening the coal industry and stabilizing employment.

B.4 Characteristics of Mining Methods

Table 11-6 classifies the industry's output by production method.
The greatest volume of coal in each mining category is sti 11 the issue
of the largest handful of firms. Twenty-five percent of the deep mining
companies accounted for 78 percent of deep mine production. A few large
firms exert even greater market influence when strip operations are con-
sidered. Eighty-eight percent of the production is the output of the
thirteen largest companies. Culm bank recovery of coal is also dominated
by thirteen large concerns.

Dredge operations have been omitted from the tabular analysis. Such
operations are small in number and their little output is the least signifi­
cant of all production methods. Dredge production in 1972 reached 477,000
tons, an increase from the previous year. This increase can be attributed
to the erosive effects of tropical storm Agnes in 1972. In the absence of
added flooding, dredge production is expected to recede by 1975.

IR. Moyer, Competition ~ the Midwestern Coal Industry, Harvard Univer­
sity Press, Cambridge, 1964.

2Pagnotti workers average six work days per week with two weeks vacation
and eight union holidays. Pagnotti workers are strip miners and in the
anthracite industry strip miners generally work more days per year than
deep miners. As a result, a comparison among strip mines only would be
a more accurate measure, if such figures were available.
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TABLE 11-6

ANTHRACITE PRODUCTION BY COMPANY SIZE
(DEEP, STRIP, CULM)

Pennsylvania Anthracite Region
1973

Company Size
Tons Per Year

(Thousands)

0-0.5
0.5-5

5-10
JO-20
20-S0

SO+
TOTAL

O-O.S
0.5-S

5-10
10-20
20-50

50+
TOTAL

Number of
Companies

5
35
12
10
S
2

69

1
7
5
5

10
13
41

Cumulative
Percent Of
Companies

DEEP MINE

7
58
75
90
97

100
100

STRIP MINE

2
20
32
44
68

100
100

CULM BANK

Tons of
Production

527
82,000
65,152

141,99S
145,773
250,508
685,855

96
18,372
36,623
71,167

274,901
2,883,766
3,284,925

Cumulative
Percent of
Production

12
21
42
63

100

1
2
4

12
100

0-0.5 3 7 794
0.5-5 7 23 24,039 1

5-0 1 26 5,1211,
10-20 1 28 19,367 ? I'

20-50 18 70 547,773 27

______5_0+ -'--__1_3_-----'-__1_0_0 '-_1'_6_47_'_3_26__! 1_0()~1~ TOTAL 43 100 2,244,420

*Less than 0.5 Percent

Source: Annual Report, Pennsylvania Department of Environmental
Resources, 1973.
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The present mix of production methods has evolved from a combination
of forces. Just as the absolute size of production units has followed
the career of the industry, the shift from deep to surface mining has been
subject to the same vagaries of economic life. As production fell and
techno logy improved, the cost advantages favored surface recovery.

Plate 11-5 displays the rapid decline of deep compared to surface mInIng
in the last six years. While the output of the industry has been almost
cut in half in these last few years, deep mining's share has fallen almost
five-fold. In 1973 deep mining still embraced the largest number of com­
panies of any production method, yet accounted for only eleven percent of
the annual output. A high incidence of two and three man operations is
responsible for the low production rate per mine.

A longer range view of the shift from deep to surface mines is provided
by Plate 11-6. The loss of deep mine output is dramatic. Mine closures
have hit deep mines harder than any other part of the industry. In the
1935 to 1939 pre-war period, 83 percent of production was underground.
Today the overwhelming source of anthracite coal is from highly mechanized
surface operations (84 percent of 1971 and 1972 production).

Recent figures supplied by the U. S. Bureau of Mines reveal that the
capital intensive strip and bank companies boast a hefty level of labor
productivity (8.37 and 31.53 tons per man day respectively) when compared
to the deep mines. Once a deep mine has reached the production stage far
less equipment is at the disposal of each worker. The result is an average
level of deep mine labor productivity of 4.09 tons per man-day.

The ranks of underground workers have been depleted partially because
of the production advantage which accrues to strip and bank employees. In
the 1935 to 1939 period, 75 percent of all anthracite workers were subter-
ranean. By 1973 their numbers had diminished so that only 18 percent of
the workers were assigned to underground operations.

B.5 Characteristics of Fields

A more refined analysis of the anthracite industry is possible when
each of the four producing fields is inspected separately. In Plate 11-7
the 1973 production is shown, first by field, and then by method of pro­
duction. The majority of anthracite in 1973 came from the Southern Field
where 2.6 million tons were mined. Historically the Northern Field had
been a major producer of anthracite (Table 1-7) but by 1965 the Southern
Field gained the lead in output. The Southern Field is where the majority
of deep mining occurs due to the large volume of remaining resources and
the more favorable water table conditions (see Plate 11-7). Strip and
culm bank recovery is also more abundant here than in any of the other
Fields.
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DISTRIBUTION OF ANTHRACITE PRODUCTION

BY MINING METHOD

PENN SYLVAN IA ANTHRACITE REGION
1935-1939 a 1971 -1972
AVERAGE AVERAGE

TOTAL TOTAL
8, 880,0001Ons o,7.5t?OIJOTons

q"

~~ ~ ~ ~~" .~
l...:;:,~ ~

~
~.......

I~~ e:t ~ \) ~.~

~
l... ~ '-=

635,000 Tons ~ C:::S'.)~
!""" - '1- I- ,-

I Ie, 709,000 Tons- ----- --- - j- 483,OOOlOn
5,534,000Tons- I--2, 341,000Tons

t----- -- 'r-.3,971. 000TO/7s

~
~ I.:)

~ ~ TOTAL.......
~ ':i.t I,Og~OOOTOns
~ ~
~::::;

TOTAL
42,358,000Tons

St/tJ/(Cf: Prepor~d b~ ConsullonlbOfedon 0010 I'rom
Ille tI..s. IJt!'pf 01' //1/~rlor, fjurt!'ou 0/ Mlnt!'s
Minerols r~(lrlJo(},f,Sehcledr~ors. '
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DISTRIBUTION OF ANTHRACITE PRODUCTION

BY MINING METHOD

PENNSYLVANIA ANTHRACITE REGION
1973

SOORCc: Prepared /)'1 Consvllonl basedon 0010 /rom
lIle Po. Oepl 0/ environmentalllesovrCtU, Annvoll1eporf
0/The Of/ice qfMines and Land Prolt!cllon I /.91.3.
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B.5.a The Southern Field

74

In the Southern Field 95 companies employ 1,047 men (Plate 11-8). A
pattern of mild economies of scale emerges as company size increases in
all but the largest culm and deep mine companies. No assertion can be
made, however, about the optimal size of a firm without a more detailed
description of the individual operations.

Large firms especially dominate the strip and culm bank production
in the Southern Field. Seventeen percent of the coal is deep mined here,
with 43 percent derived from strip mines and 40 percent recovered from culm
banks. There are also more than 40 small deep mines which each produce
less than 10,000 tons annually.l

B.5.b The Western Middle Field

The Western Middle Field provided the second greatest tonnage of anthracite
in 1973. Of the 1.3 mil lion tons produced 49 percent was culm bank coal,
and 44.3 percent was strip mined. The Western Middle Field had the smallest
output of any field when strip operations are considered (Plate 11-9). Sur­
face operations in this field were dominated by nine companies who produced
87 percent of the surface coal. The productivity of the culm bank method
was substantially enhanced in 1973 as the size of the producing company grew.
The four largest companies recovered an average of 107 tons of coal per
man day, which was over twice the industry average. Conversely, strip
mining productivity fell as production by a single operation exceeded 20,000
tons per year.

The 47 separate mining companies in the Western Middle Field employed
a total of 564 workers in 1973. Strip operations provided the greatest
source of employment (391 workers), as well as the greatest number of man
days of work (Plate 11-13). One hundred and seventeen men were employed
in the 24 deep mines in this field, none of which produced more than 20,000
tons of coal.

B.S.c The Eastern Middle Field

The Eastern Middle Field provided 20.6 percent of the 1973 output while
employing 15.5 percent of the total work force. Stripping operations in
this field produced the greatest output (67 percent) and provided the most
man days of employment of any type of production (Plates 11-10 and 11-13).
Deep mining is negligible in this field where two companies with a total of
seven employees produced 4,184 tons of coal. The paucity of deep mining

lAnnual Report of the Office of Mines and Land Protection, Pennsylvania
Department of Environmental Resources, 1973, p.133-140.

II - 23



DISTRIBUTION OF MINING COMPANIES

ACCORDING TO ANNUAL PRODUCTION
SOUTHERN FIELD -- 1973
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DISTRIBUTION OF MINING COMPANIES

ACCORDING TO ANNUAL PRODUCTION
WESTERN MIDDLE FIELD - 1973
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DISTRIBUTION OF MINING COMPANIES
ACCORDING TO ANNUAL PRODUCTION
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can be attributed to the relatively scarce amount of resources and the
historically thorough depletion of the shallow, mildy pitched veins. Culm
bank coal is produced primarily by two companies (82 percent of production
in 1973).

No strippin~ companies of less than 10,000 tons per year operated in
the Eastern Middle Field in 1973. Two companies were engaged in backfill­
ing operations, employing a total of 17 workers in this capacity. Of the
18 individual mining companies in the Eastern Middle Field, five firms with
surface operations accounted for 90 percent of the Field's total output.

78

B·S.d The Northern Field

The Northern Field yielded the smallest output of all Fields, with some
751 employees retrieving a million tons of coal (Plate 11-11). Deep
mines and culm operations each contributed 16 percent of the total output.
Culm bank recovery in the Northern Field is by far the lowest of all the
Fields. This is perhaps opposite of what might be suspected considering
the large amount of raw coal extracted from the Northern Field historically.l

The usual economies of scale pattern does not occur in the Northern
Field in culm or strip operations. One successful medium sized culm com­
pany in this Field (Sullivan Trail Coal Company) tallied an unusually high
rate of 89.3 tons per man day for 31 days of operation. Similarly, in
the strip operations, the middle sized Bliss Brothers Coal Company produced
25.1 tons per man day, more than twice the industry average for 1973. The
productivity among the one medium size and three large Northern Field strip
operations was unusually low, however.

The third largest producer of anthracite coal in 1973, the Blue Coal
Company, ceased operations in May of 1974. Since this company operated
exclusively in the Northern Field, the result may be a further decline of
northern production.

B.6 Labor Productivity

To inspect some of the patterns of labor productivity that have emerged
from the analysis of individual Fields, Plate 11-12 has been constructed. The
1973 deep, strip and culm labor productivity rates have been synthesized for
all Fields. The operations are divided into three categories (i) those

lExplanations for the relatively curtailed culm bank operations in the
Northern Field are as follows: (a) culm material has been used as deep
mine fill under cities in the Northern field; (b) the higher quality culm
banks have already been depleted; (c) fires have reduced the number of
recoverable banks.
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producing less than 20,000 tons per year, (ii) those producing between 20,000
and 50,000 tons per year, and (iii) those producing more than 50,000 tons per
year. Medium sized firms appeared to be most productive among strip and
deep mine operations in 1973 (10.8 and 6.4 tons per man day, respectively),
while the larger size operations made best use of their labor in silt recovery
(67.4 tons per man day). This type of analysis has severe limitations,
however, since inputs such as capital have been ignored and labor alone is
the touchstone.

C. LABOR

C.l Work Force

The U. S. Bureau of Mines has listed the labor force in the anthracite
industry at 4,783 in 1972. The workers were involved in all facets of the
extraction and preparation process in thirteen counties of Pennsylvania.
Although the Pennsylvania Department of Environmental Resources provides
a breakdown of the work force by counties, dredge workers are excluded.

According to Table 1-8 the bulk of anthracite miners worked in Luzerne
and Schuylkill Counties in 1973 (79 percent). The 3,200 anthracite workers
in these two counties, however, represented less than two percent of their
total civilian labor force in 1973.

The distribution of 1973 man days of work in the anthracite industry is
represented in Plate 11-13. The Southern Field received 377,000 of the indus-
try1s total 936,000 man days invested in 1973. In this field breaker opera-
tions consumed a greater number of man days than any single extraction
process. In all the Fields, 44 percent of the 1973 man days were spent in
strip operations, compared to 33 percent of the man days employed in cleaning
and preparing coal.

When the employees are considered by type of work it is apparent that
the majority are involved in surface operations (82 percent in 1973). This
is not surprising when the production figures by operation are considered.
The 3,317 surface workers not only extracted 89 percent of the coal in 1973,
but also cleaned and prepared all of the coal for market.

In 1950, the 48,000 deep miners represented 67 percent of the industry's
employees. The fl ight of workers from the deep mines has paralleled the
falling deep mine production (see Table 11-7). Since the majority of anthra­
cite reserves are below 500 feet, this trend may eventually have to be reversed
if the industry is to thrive. ~n the words of Paul Smith, Secretary of
the Pennsylvania Department of Labor and Industry:
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TABLE 11-7

TOTAL ANTHRACITE EMPLOYMENT BY TYPE

Selected Years 1950-1972

Type 1950 1955 1960 1965 1970 1971 1972

.'.".,.. -----_. -..•....-

Miners-Laborers 31,314 13,175 - - - - -
Other Underground 17,112 6,677 9,041'" 4,501 1,423 1 ,440 650
Strip 7,949 4,642 3,470 2,349 1 ,809 1 ,800 2,011
Culm - - 585 566 494 540 314
Dredge - - 128 97 62 60 50
Preparati on 4,842 3,844 3,145 2,047 1 ,655 1,500 1 ,471
Other (Surface) 11 ,407 5,085 2,682 1 ,572 566 460 287

Total ,J 72.62~ 33'5~ 19.051 11 ,132 6,000 5,800 4,783

Man Days of Labor 15_~~~800 6,61~43 3,360,455 2,271,202 1,447,000 1,384,000 1,033,000

*After 1960 all underground workers are grouped together

- - -

Source: Minerals Yearbook, United States Department of the Interior, Bureau of Mines, Selected Years
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To reverse this trend and revive anthracite deep mining, a number
of barriers must be overcome. The one with which the subcommittee
(Manpower) is most concerned is the lack of interest on the part of
potential workers to get into this kind of occupation. It is
simply not very appealing work, but we believe this can. be corrected
to some extent if it is clear that deep mining is a safe occupation;
that it pays well; that there are opportunities for advancement;
and that it is not a degrading occupation. 1

Any significant increase in anthracite production, be it by strip or deep
mining method, will require a lead time to develop new mines. Surface mines
require two to three years preparation and for deep mines a four to six year
development stage can be expected. 2 At the same time, any attempt to raise
production will require trained workers. Current training periods range
from one to three years for miners, to four academic years for mining engin­
eers. 3 Since the outlook for a prospective worker is quite bleak, training
programs to this point have been minimal.

C.2 Manpower Programs

Pennsylvania has promoted several training programs for the mining
industry since the inception of the Manpower Development Training Act
(MOTA) in 1962. An average of 60 mine machinery mechanics were trained
annually under MOTA in a 52 week institutional program. 4 This program,
as well as on the job training run by the AFL-CIO Appalachian Council, through
an MOTA contract, were both concerned with the bituminous coal industry,
however.

A special training program was set up by the Pennsylvania Department
of Labor and Industry in July, 1974, based on projected manpower needs.
The program was funded by state and federal monies to the benefit of both
the anthracite and bituminous industries. On the basis of a 1974 needs

Ipaul Smith, Secretary of the Pennsylvania Department of Labor and
Industry, Working Papers for the "Coal For The 70·s Pennsylvania Action
Conference", April 24, 1974.

2 Ro<:Jers C. B. Morton, U. S. Secretary of the Interior, "News Release",
March 29: 1974.

3Harry Perry, excerpts from the Cornell Workshops on the "National
Energy Research and Development Program", 1974, p.84.

4"Governor Milton J. Shapp Master Plan, Training Program for
Pennsylvania Coal Industry, Bituminous and Anthracite' ·, 1974, p.2.

II - 33



01:.
f) ~.J

survey conducted by the United Mine Workers of America and the Independent
Miners and Associates, the following projections for the anthracite industry
were made:

The intermediate training of 60 equipment operators for strip
mine operations; 75 heavy truck, dump, for both strip and deep
mines; 45 blaster-drillers for both deep and strip mines; 120
miners for deep and strip mines; 25 mine electricians for deep

d t " 1an s rip mines ....

Courses became available in July for equipment operators, blaster­
drillers, heavy truck drivers, mine electricians, Miner I trainees and mine
safety. The courses ranged from five to 24 weeks in duration, with a total
of 325 available trainee slots. Potentially, the most important offering
in the anthracite industry was the Miner I course. The six weeks of pre­
employment orientation stressed safety and deep mining. After the second
six week session the program was cancel led due to inadequate enrollment.
The remaining courses have met with limited success in completion and place­
ment records, but the entire MOTA program for miners was phased out in
December, 1974, since no federal funds were available for any MOTA state­
wide programs in fiscal year 1975.

The Federal Community Employment Training Act (CETA) has replclced the
MDTA training program. CETA has not provided for the continuation of mine
training programs without the initiation of individual program areas. No
such requests from communities have been forthcoming as of December, 1974.

At the county level, The Schuylkill County Economic Opportunity Cabinet
has initiated a course to train 30 individuals for deep mine careers. The
"Team" project is coordinated by the Pennsylvania Department of Community
Affairs and sponsored by the federal, state and local governments. The
program is scheduled to begin in February of 1975 and terminate after 130
days of training. The 30 days of classroom training is comparable to the
defunct MOTA Miner I course. A special feature of this program is 100 days
of on the job training. Recruitment is geared to attract local residents
who are unemployed or underemployed. 2

IGovernor Milton J. Shapp Master Plan, Training Program for
Pennsylvania Coal Industry, Bituminous and Anthracite, 1974, p.6, 7.

2Economic Opportunity Cabinet of Schuylkill County, "Team ll project
proposal, submitted to the Pennsylvania Department of Community Affairs,
October 31, 1974.
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Vocational technical training programs at the secondary high school level
do not offer mining courses in the Anthracite Region. Training programs for
supportive skills are available, however. As a single example the Wllkes­
Barre Vocational Technical School has been operating since 1972. Courses
ancillary to mining include: heavy equipment operation, heavy equipment
(diesel) operation, welding, electricity and carpentry. The Vo-Tech Coopera­
tive Student Program at Wilkes-Barre has made no placements in the mining
industry as of January, 1975. 1

The College of Earth and Mineral Sciences of The Pennsylvania State
University contributes to the overall supply of trained miners. Some of
the MOTA programs have been operated at Penn State facilities. The list
of active mine related continuing education and training projects provided
by the University in 1973 includes eleven non-degree programs. Of interest
to the anthracite industry are the special health and safety seminars for
authorized representatives of miners: The Smith-Hughes course (to help
prepare miners and supervisors for the Foreman's Certification examina­
tion); The short course (Technical and Nontechnical Courses for Engineers,
Safesmen, Supervisors and Others), and Integrated Surface Mining Techniques
(a pilot course presented in Western Maryland in July, 1973). The location
of these offerings is not necessarily convenient to those who live in the
Anthracite Region, however.

At the university level it has been estimated that 120 mining engineers
were graduated nationally in 1973. 2 Only 20 colleges and universities in
the U.S. offered undergraduate degrees in mining engineering or related
fields. If the anthracite industry were faced with an increased need for
mining engineers they would have to compete with other mining occupations
for the limited number of qualified graduates. However, a possibility
exists of recruiting additional mining engineers from other engineering
fields.

Although the United Mine Workers of America do not make a direct invest­
ment in the training of human capital, the current labor contract provides
for a Joint Anthracite Advisory Training Committee. The purpose is to
promote manpower training in the industry.3

lRobert Jones, Director of Wilkes-Barre Area Vocational Technical
School, from a telephone communication, January, 1975.

211Trained Skilled Mining Techniques, Problems and Suggestions",
Educational Projects, Inc., Prepared for the Pennsylvania Department
of Commerce, April 26, 1974.

311United Mine Workers of America, District 25, Anthracite Wage
Agreement of April 16,1972", p.5.
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The manpower training programs to date are a reflection of the lethargic
anthracite industry. Conversations with local manpower officials repeatedly
revealed two major constraints. First ~ monies and effort cannot be expended
to train workers for jobs that simply are not available. Second·· the image
of the mine industry is quite low in the anthracite area and must be enhanced
to stimulate interest and increment the labor force.

C.3 Unions

More than half of the present work force in the Anthracite Re~lion is
unionized under the United Mine Workers of America (UMWA). The mcijority
of the remaining workers are independents and members of the Independent
Miners and Associates (IMA). or Independent Miners, Breakers and Truckers
Association (IMBTA).

The United Mine Workers of America

The United Mine Workers Union represented 2,500 of the 4,400 active
anthracite workers in 1974. 1 The total membership in the AnthracJte Region
in 1974 reached 15,000 in number. The majority of members are retired
pensioners who have an option to join the Union for a fee of $1.25 per
month. The active anthracite workers, on the other hand, pay a monthly
membership fee of $9.00.

In 1963, the average age of unionized anthracite workers was J~7 years. 2

An estimate of the average age in 1974 is put at 45 years. 3 Both figures
exceed the national average for operatives, which was 39.2 in 1960, and 38.9
in 1970. The average age for all employees was also below the average miners
age. The implication is that the arduous work required of expert miners is
the burden of an older, less physically capable group. The industry has
failed to attract sufficient new younger men to lower the average age.

The Anthracite Health and Welfare Fund is financed through a contribution
by operators based on tons of production. In 1974, payments to the Fund were
90 cents per ton. The union pension for retired anthracite workers pays a
benefit of $30 per month for survivors. There are 14,190 pensioners today,
and this figure has somewhat stabilized after an expansion in 1971. when
el i9ibil ity requirements were eased. According to Will iam Savitski, Chairman

1From an Interview with UMWA, District 25, Officials, December 4, 1974.

2G. Schenck and J. Schantz, Jr., The Economic Importance of the Coal
Industry ~ Pennsylvania, The Pennsylvania State University, submlt:ted to
The Pennsylvania Coal Research Board, SR-64, 1967, p.78.

3From an Interview with UMWA, District 25, Officials, December 4, 1974.
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of the Anthracite Health and Welfare Fund, even with the
fits, the Fund is financially unsound and has "no choice
ment assistance as receipts available are inadequate.1l1

for assistance under the 1974 Pension Reform Act.

88

current meagre bene­
except to seek govern­
The Fund has applied

The Independents

The independent organizations are roughly divided into two geographic
areas of jurisdiction - the IMBTA organizes mines in the Northumberland and
Columbia Counties. The bailiwick of the IMA is Schuylkill, Dauphin, and
Columbia Counties. There is some overla~ping on the boundaries of each
organization's power. The function of the independent organizations more
resembles a coal operator's association than a labor union. There are
no contracts negotiated or pension funds provided to the workers. The
independents' primary function is to safeguard the anthracite industry employers
and workers alike, through inputs into regulatory and legislative decisions.
Both organizations are based financially on a tonnage contribution scheme
which is shared by the operators and the breakers. The lobbying function
of the two Associations has been curtailed due to financial constraints.

In 1974 the IMA represented 725 workers from 44 active anthracite opera­
tions, while the IMBTA membership included 80 active operations and 614
men. The majority of operations participating in the IMA or IMBTA are
breakers and washeries. rhe independent deep mines, however, represent
most of the deep mines active in 1974.

C.4 Wages

Members of the UMWA work under separate contracts in the Anthracite
and Bituminous Regions. The current anthracite wage agreement was adopted
on April 16, 1972. The contract expires on March 31, 1975. 2 The wage
outlined in this agreement varies substantially from the bituminous wage
agreement for a comparable period, which terminated on November 12, 1974.
The anthracite agreement proclaims wages for a seven hour day ranging from
$3.84 per hour to $4.59 per hour for various workers in strip operation.
At the same time strip and auger miners in the bituminous industry commanded
compensation rates of from $5.69 per hour to $6.90 per hour. Similar dis­
crepancies prevail in the deep mining wage structure.

Since greater than one third of all anthracite workers are non-union,
wages are not standardized. Wages for non-union workers in the anthracite
industry often exceed that of their unionized counterparts, but industry

IIlThe Patriot'l Patriot-News Company, Harrisburg, Penna., October 24, 1974.

2 UMWA Wage Agreement, op. cit.
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wages are by no means uniform. The trainees placed under the MDTA Miner
I course found that starting wages range from $23 to $40 per day.l

Table 11-8 provides historical data on the wages in selected industries.
From a comparison of columns 1 and 2 it is apparent that the anthracite-
bituminous differential has grown historically. In 1954, both anthracite
and bituminous workers received $2.40 per hour. By 1972, the average bitu­
minous coal miner earned $5.34, as opposed to the $3.71 per hour figure
in the anthracite industry.

Plate 11-14 and the remaining columns of Table 11-8 indicate that wage
hikes have been milder in the anthracite industry than in all of the major
occupational fields listed in the last 19 years; wages in all occupational
categories more than doubled while anthracite wages increased by a factor
of 1.5 only. From Plate 11-14 anthracite wages can be seen to have fallen
below those in the petroleum and natural gas industries by 1965. In 1972,
manufacturing trades paid wages in excess of those paid to anthracite workers.

An analysis of absolute wage rates must, however, be tempered by a con­
sideration of the cost of living per region, as well as the wage structure
for alternative occupations within the region. Table 11-9 presents a picture
of earnings in the anthracite area for various occupational groups. Anthracite
workers, when compared to local groups, fare quite well. Approximately, 38
percent of the labor force in the anthracite area is engaged in manufacturing,2
in which the average weekly earnings was $115.61, well below the average earn­
ings in the anthracite industry of $147.29 per week in 1972.

Anthracite workers have consistently taken home larger pay checks than
local textile workers and food and kindred product workers. The fabricated
metal workers have been receiving similar average weekly pay checks in the
1955 - 1972 period, while printing and publishing employees have consis­
tently earned more than anthracite workers.

The fact that the anthracite industry is located in a relatively low
wage area of Pennsylvania (Table 1-4) does not fully explain the deviation
between anthracite and bituminous workers· pay checks. The result is a
cost advantage in labor which accrues to the anthracite industry.

Iprogress Report, Pennsylvania Department of Labor and Industry on MDTA
training at N. Schuylkill County AVTS - Miner I program, October 25, 1974,
p.2.

2General Social and Economic Characteristics of the Population, 1970,
U. S. Census Bureau, Vol.40, p.673, 675-7.
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TABLE 11-8

AVERAGE HOURLY EARNINGS IN ANTHRACITE AND SELECTED INDUSTRIES

United States
1954-1972

Bituminous Petroleum &
Anthracite Coal Metal Natural Gas All t-btor Vehicles Textile

Year Mining ~1 in i ng Mining Production Manufacturing Chemical and Equipment Mi lIs

1954 $ 2.40 $ 2.40 $ 2.04 $ 2.15 $ 1.78 $ 1.89 $ 2.20 $ 1.36
1955 2.35 2.47 2.16 2.20 1.86 1.97 2.29 1.38
1956 2.40 2.72 2.27 2.35 1.95 2.09 2.35 1.44
1957 2.63 2.92 2.39 2.47 2.05 2.20 2.46 1.49
1958 2.63 2.93 2.46 2.54 2.11 2.29 2.55 1.49
1959 2.75 3.11 2.55 2.65 2.19 2.40 2.71 1.56
1960 2.75 3.14 2.66 2.69 2.26 2.50 2.81 1.61
1961 2.73 3.12 2.74 2.80 2.32 2.58 2.86 1.63
1962 2.74 3.12" 2.83 2.83 2.39 2.65 2.99 1.68
1963 2.78 3.15'-' 2.88 2.92 2.46 2.72 3.10 1. 71
1964 2.83 3.30'-' 2.96 2.95 2.53 2.80 3.21 1. 79
1965 2.94 3.49'-' 3.06 3.03 2.61 2.89 3.34 1.87
1966 3.04 3.661' 3.17 3.13 2.72 2.99 3.44 1.96
1967 3.10 3.75'-' 3.24 3.25 2.83 3.10 3.55 2.06
1968 3.21 3.86,-, 3.42 3.39 3.01 3.26 3.90 2.21
1969 3.32 4.24" 3.64 3.60 3.19 3.47 4.10 2.34
1970 3.40 4.581' 3.88 3.83 3.36 3.69 4.22 2.45
1971 3.48 4.86 4.12 4.15 3.56 3.94 4.72 2.57
1972 3.71 5.341, 4.47 4.46 3.81 4.20 5.11 2.73

*Eleven-Month Average

Source: U. S. Bureau of Labor Statistics
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AVERAGE HOURLY EARNINGS FOR SELECTED INDUSTRIES

UN ITED STATES
1955-1972 (SELECTED YEARS)
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TABLE 11-9

COMPARATIVE WEEKLY EARNINGS

Pennsylvania Anthracite Areal
Selected Years 1955-1972

Food and
Anthracite All Fabr i cated Kindred Printing &

Year Mining Manufac tur ing Text i 1es 2 Metals Products Publishing

1955 $ 78.73 $ 53.59 $ 53.23 $ 73.523 $ 67.694 $ N/A

1960 88.83 63.73 60.99 95.55 75.81 N/A

1965 100.50 74.96 58.97 104.99 91 .14 117.265

1970 133.91 99.65 78.90 128.54 111. 63 145.71

1971 138.50 107.16 85.30 134.08 122.63 156.22

1972 147.29 115.61 95.63 148.11 130.10 167.21

1Wages from anthracite mining represent wages for the entire 10 county area.
Wages for manufacturing, textiles, fabricated metals, food and kindred products
and printing and publishing are taken from Lackawanna and Luzerne Counties.

21955 and 1960 data is for textile mill products only. Apparel and other
textile products have been excluded.

3Lackawanna County only.

4Luzerne County only.

5Lackawanna County only.

Source: Employment and Earnings, States and Areas 1939-72, U. S. Department
of Labor, Bureau of Labor Statistics.
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D. INDUSTRY COSTS

0.1 General

The wages earned by anthracite workers are but a single component of
the total production cost schedule which faces the coal operator today.
To justify his effort a mining entrepreneur must establish an extraction
process whereby wages, rents, interest and preferably a profit are recouped
when the coal is sold. As the producer attempts to combine labor and capital
in an optimal fashion, he must also locate where nature will most favorably
yield to mining. In the extraction process the quality and pitch of the
coal measures to be retrieved, the amount of water which must be pumped,
and the amount of overburden attending the veins of the surface mine are
important cost considerations which will vary from location to location.
The wealth of variables involved in any mining process discourages attempts
to construct a "typical" mine cost schedule, short of the market price.
The price which coal is selling for must, in the long run, cover all operat­
ing costs, to rationalize the allocation of resources to a mining enterprise.

0.2 Total Cost

The average value of net shipments and receipts of anthracite coal, re­
ported by the U. S. Bureau of Census, is the total of all costs incurred
in the extraction and preparation process. This figure is an industry
average of the combined costs of deep, strip and culm mines, as well as
preparation plants. The 1972 average value of net sales and receipts,
hence costs for producing a ton of anthracite coal, came to $13.32 per ton.
This figure is somewhat greater than the total bituminous cost of $7.94 per
ton. The cost advantage of winning bituminous coal results from a variety
of cost factors. Bituminous coal is, by nature, more accessible than an­
thracite. The veins are of a flatter pitch, there is less dewatering re­
quired, and the overburden is softer. A dearth of technological innovation
and large scale operations also works against anthracite operators and raises
their relative costs.

The total cost of anthracite coal mining is disaggregated into seven
cost categories in Plate 11-15. The lion1s share of the production costs
is in the wages, salaries and supplemental labor costs reported on Plate
11-15, and Table 11-10. In 1972, anthracite producers paid an average
of $4.95 per ton of coal in wages and salaries. The 1967 figure of $3.47
per ton cannot be meaningfully compared, however, since the two figures
are not calculated in constant dollars. However, an analysis of the re­
lative input shares still remains valid. The mix of variable inputs has
changed in the five year period and the labor bill represents a smaller
component of costs while the relative outlay for supplies (broadly defined)
appreciated. The shift in the production methods from underground to the
surface exerted an influence on the labor/capital mix as well as the re­
lative cost share of labor and supplies.
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AVERAGE ANTHRACITE PRODUCTION COSTS PER TON
PENNSYLVANIA ANTHRACITE REGION

1967 AND 1972

1967
$9.43 PER TON
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TABLE 11-10

AVERAGE ANTHRACITE MINING COSTS

Pennsylvania Anthracite Industry
1967 and 1972

1972 1967

Cost
(Mi 11 ions of

Do 11 a rs)

Cost
Per Ton

(Doll a rs)

Cost
(M i 11 ions of

Dollars)

Cost
Per Ton

(Doll a rs)

Labor 42.0 5.89 45.7 3.86

Wages and Salaries 35.3 4.95 41.1 3.47
Supplemental Labor 6.7 .94 4.6 .39

Expenses

Supp 1ies , Machinery, 33.3 I 4.67 36.0 3.04
Etc.

Suppl ies 20.6 2.89 20.6 1. 74
Power/Fuel 6.4 0.90 6.3 0.53
Contract Work & Resales 3.8 0.53 6. 1 0.52
Purchased Machinery 2.5 0.35 3.0 0.25

,

All Other Expenses 19.7 2.77 30.0 2.53

Net Shipments and 95.0 13.32 111. 7 9.43
Receipts I

il it

Source: Prepared by Consultant based on data from:

"Anthracite Mining", Census of Mineral .Industries, U. S. Bureau of Census,
1972.

Table 11-11 highl ights the relative deep and strip mine production
costs. A comparison of disaggregated 1967 cost components indicates that
payrolls commanded a larger share of deep mining costs, as would be expected
for a labor intensive production process. The supplies category is distorted,
however, by the inclusion of purchased coal. The cost of coal received
for preparation by operators which have such facilities is included in the
supplies category. The total value of shipments of deep mines exceeded
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that of strip mines in 1967, although production was greater among strip
mines. Again the distortion may be due to coal resales to preparation
plants.

TABLE II ~ 11

ANTHRACITE STRIP AND DEEP MINE COSTS COMPARED

I Pennsylvania Anthraci te IndustryI

1967

.
STRIP DEEP

Cost Percent of Cost Percent of
(Mi 11 ions) Total Cost (Mi 11 ions) Total Cost

Payroll 9.3 25.2 15.9 39.2
Supp 1ies 1 10.6 28.7 10.4 25.6
Fuel Purchased 0.7 1.9 0.4 0.9
Power Purchased 1.1 3.0 1.1 2.7
Contract Work 2.8 7.6 1.2 3.0
Undistributed 12.4 33.6 11.6 28.6

Total Value of Shipments 36.9 100.0 40.6 100.0

Ilncludes minerals received fo~ preparation, and purchased machinery
installed.

Source: Prepared by Consultant based on data from:

J'Anthracite Mining'J, Census of Mineral Industries, U. S. Bureau of
Census, 1969.

D.3 Special Costs

Some special costs in producing anthracite, associated with particular
mining approaches, are worthy of individual attention. The first, dewatering,
is a cost encountered in both deep and strip mining. Extraction costs are
inflated by the expense of pumping and treating acid mine water.
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A sample of the treatment costs for mine water is available frclm the
Anthracite Research and Development Company. The Rausch Creek Mine Drainage
Treatment Plant cost $1.75 million for construction, and $0.3 million for
engineering and deslgn costs in 1973. This is a large scale facility designed
to treat ten million gallons of water per day. During the design phase
there were 28 active mine operations, six abandoned workings, and an overflow
from a mine pool which contributed to the drainage pollution in the stream.
No figures are available on daily operating costs. l

The costs associated with pumping water from the workings depends on
the volume of water and the head which the water must be pumped against.
The volume of water which must be pumped varies greatly from mine to mine,
but from a sample of three deep mines in operation today, 61.2 tons of water
were being pumped per ton of coal produced. As pumping volumes become
excessive, deep mines are forced to close. Although strip operators also
incur dewatering expenses it is generally a less decisive factor in the
economics of the operation. A more detailed analysis of dewatering is
presented in Chapter IV.

The overburden ratio encountered in the strip operation is another cost
factor which comes into play. This ratio refers, by one generally accepted
definition, as the cubic yards of overburden which must be dug to rE~cover

a ton of coal. When this figure is excessive, stripping coal is constrained
by the cost of excavating and the cost of reclamation once the coal is
removed. Reclamation costs for anthracite strip mines generally exceed
those of bituminous mines because of the deeper excavations. The Pennsylvania
Surface Mining Conservation and Reclamation Act of 1971 requires a strip
operator to post a bond which generally ranges from $500 to $1,000 per acre
in case of default in reclamation. However, in practice the minimum anthra­
cite bond is $l,OOO/acre and can exceed that level depending upon depth
and local conditions. 2

A special cost, which affects all coal mining, is the Black Lung Payments
which are required by law. The Federal Coal Mine Health and Safety Act of
1969 provides that coal miners who are disabled by pneumoconiosis, and their
surviving dependents in the case of death, receive a compensatory benefit.
The Federal Government paid for this fund until 1973, when coal operators
were required to contribute $3.61 per $100 of payroll of all workers. The
share of the fund paid by operators has been scheduled to increase annually

lH. G. Bhatt, The Economics of Coal ~~ Drainage Treatment, Michael
Baker, Jr., Inc., Beaver, Pennsylvania, November 1973.

2Telephone Interview with Donald Zutlas, Chief, Licensing and Bond
Division, Bureau of Surface Mine Reclamation, Pennsylvania Department of
Environmental Resources. February 5, 1975.
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by 25 percent for four years, until the coal mine operators and/or their
insurers assume the entire cost of the fund. 1

Comparable to the federal occupational disease legislation is Pennsyl­
vania Act 337. The state Act became effective in July of 1973 and extended
increased benefits to black lung claimants. The Act transferred the lia­
bilityfor the fund from the State Government to the coal operators in the
same fashion as the federal legislation. To finance the first year of the
fund, operators were required to contribute $9.48 per $100 of payroll. The
operators I liability for the second level (financed 50 percent by state and
50 percent by operator) is still under negotiation.

Finally, development and finance costs merit consideration. Develop­
ment costs in underground mines vary greatly depending upon the location,
the size of the operation anticipated, and the use of previously establ ished
entries and gangways. Estimates for the development of a small deep mine
have been placed at $250,000 for a 25,000 ton per year operation2 in a vir­
gin area. Large scale operations can involve in excess of $10 million
and entail three or more years of effort before a production plateau is
reached. Strip operations require substantial initial outlay as well. Some
of the larger draglines currently in use in the anthracite industry are
worth more than $5 million.

Fresh sources of investment capital will be required if the anthracite
industry is to increase output significantly. Investment bankers and in-
dustrial coal users with substantial assets are two of the most promising
agents.

Financing through mortgage banks, or bonds for larger projects, depends
upon support from local development agencies as well as cooperation and
interest on the part of banks. A local development authority can initiate
a bond that would carry a tax free status. The banking community, however,
is hesitant to proffer funds in an industry with uncertain markets. As a
result, a lament has been expressed in interviews with coal operators that
funds are often not available at favorable interest rates.

Financing by large anthracite consumers is a new area of promise to
expanding anthracite operations. The purchase of Greenwood Stripping Company
by Bethlehem Steel in 1974 indicates an interest on the part of consumers
in supporting anthracite mining. In many cases, however, a long term contract
with a large consumer would be sufficient to secure capital credit.

l'~nalysis of Exposure Under Pennsylvania Act 337 Coal Mine Occupational
Disease" , J. Huell Brisese & Associates, Inc., Chicago, 111., May 1973, p.l.

21nterview with E. Kieffer, Hegins Mining Company.
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E. TRANSPORTATION

There are two stages to coal transportation: (a) from the mine to the
breaker, and (b) from the breaker to the customer. The cost of the I'internal 'l

transportation from the mine to the breaker is incorporated in production
costs. The generally greater price of shipping the prepared coal (stage
b) is the responsibility of the customer. In the anthracite industry all
domestic shipments in both stages are limited to truck or rail movements.

E.l Mine to Breaker Transportation

The decisions of whether to use rail cars or trucks, and the loading
method used in the first stage (mine to breaker) depends on several factors:

1. The method of coal extraction or recovery.
2. Equipment in use.
3. Distance from the mine site to the breaker.
4. The cost and availability of rails, hopper cars, highway routes,

and trucks.

Rail shi~ments of raw (run of mine) anthracite in 1972 totalled 1.3
million tons. Since 40 to 70 percent of the raw coal is translated into
a marketable product at the breaker, the tonnage carried by truck in 1972
can be estimated at greater than 8.9 million tons. Truck shipments of raw
anthracite have been growing relative to rail in the last 15 years. Two
factors influenced the growth of truck transport in the mine to breclker
stage of production. First, the relative gain in importance of strip min-
ing as a source of raw anthracite has paralleled the heavier reliance on
truck transport since a strip mine does not remain in one location, while
a deep mine surfaces at one point. Secondly, since the average haul of
anthracite from the mine to the breaker is relatively short,2 truck shipments
obtain an additional competitive advantage. As the distance hauled increases,
rai 1 rates per mi Ie generally decl ine whi Ie truck rates remain some""hat
constant. 3

E.2 Breaker to Customer Transportation

Shipments from the breaker to the market originate in the loading pockets
of the preparation plants. The loading plant must, in the process of trans-

lFreight Commodity Statistics, I,C,C' 9 1972.

2The rail trip from mine to breaker averaged 20 miles in 1961 according to
the Distribution of Rail Revenue Contribution £y Commodities, I .C.C., 1961.

3J • A. Vaughan, 'IAnthracite", Mineral Facts and Problems, U. S. Bureau
of Mines, Bulletin 630, 1965, p.57.
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ferring the coal to the railroad car or truck, strive to maintain a uniformity
of consignments. This objective requires a minimization of degradation
of sizes through breakage, a reduction of segregation, and maintenance of
a uniform distribution of very good and off-grade coal among cars. Loading
pockets are usually provided for al I sizes of anthracite. Coal from the
pocket is dumped directly into the cars, or from the pocket to a conveyor
belt for loading at a central point. The coal can also be directly loaded
from the cleaning screens of the preparation plant without intermediate

1 .
storage.

Once the truck or rail car has been loaded at the preparation plant,
the destinations range from local markets in the Anthracite Region to
nationwide and international markets. Local shipments to the immediate
area accounted for 24 percent of all coal destined for market in 1972 (see
Table 11-12), and regional sales to the states of Pennsylvania, New Jersey,
and New York absorbed 71 percent of all prepared coal in 1972 (Table 11-13).

International shipments require that the coal be transported for loading
into vessels at ocean ports or at the Great Lakes. Of the 717,000 tons
of anthracite exported in 1973,2 3 percent was loaded at the Great Lakes.
The bulk of loadings occurred at tidewater ports in Phi ladelphia and Balti-
more. A more accurate gauge of loadings at ocean ports is avai lable when
U.S. military shipments of anthracite are included in the export total (437,000
tons in 1973), thus approximately 16 percent of all coal used in 1973 was
eventually transported by water carriers.

E.3 Moda 1 Sp 1it

Table 11-13 represents the modal split between rai 1 and truck deliveries
of anthracite loaded at the preparation plants. Fifty-seven percent of .
the prepared coal was carried by trucks in 1973, and the remaining 43 percent
was carried by rail. Canal and river shipments are non-existent in the
anthracite industry. The relative growth of truck transportation since
1950 is apparent. In that year trucks handled less than one-fifth of all
anthracite coal distribution, compared with 1973, when more than one-half
of the coal was handled by trucks. The absolute volume of truck deliveries
has declined, however, by 47 percent in the same time period. Rail deliveries
fell by 91 percent from 1950 to 1973.

The bituminous coal industry shows a heavier reliance on rail trans-
portation in recent years. Although 86 percent of bituminous coal was

lCoal Preparation, David R. Mitchell, ed., 1973.

211Pennsylvania Anthracite Weekly", Hineral Industries Surveys, U. S.
Bureau of Mines, March 8, 1974.
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TABLE 11-12

SHIPMENTS OF ANTHRACITE BY TRUCK AND RAIL (TONS)1

Domestic and Foreign
1968-1972

Destination 1968 1969 1970 1971 1972

TRUCK SHIPMENTS

Pennsylvania:
Within Region
Outside Region

New York
New Jersey
Delaware
Maryland
District of Columbia
Other States

Total

2,021
2,269

409
248

26
188

2
18

5,181

1,918
2,151

369
247

22
94

2
17

4,821

1,847
1,979

418
198

18
50

2
15

4,527

1,880
2,050

373
126

17
2 29

12

4,487

1,584
1,793

441
89
15
23

2

21

3,966

RAIL SHIPMENTS

100
532
113
819

I
24

3
7

122
54
57

8

51

102
455
173
847

1
19
7
9

151
66
93
12

25

107
645
291

2 940

34
II

6
215

70
102

6

13

163
606
263
846

1
32
9
6

98
43

108
14

New England States
New York
New Jersey
Pennsylvania
Delaware
Maryland
District of Columbia
Vi rg i n i a
Ohio
Indiana
111 inoi s
Wisconsin
Missouri
Minnesota
Iowa
Michigan
Other States

Total United States 3
Canada
Other Countries

Tota I Ra i 13

49
281

85
830

5
2
3
3

124
42
47
10
30
10
31

42 33 53 70 49
233 312 408 455 290

2,476 2,792 2,447 2,366 1,891
308 373 384 411 386
697 853 691 527 374

3,481 4,018 3,522 3,347 2,651
f-----------I---I-__.l..-- L- I _

lCompiled from reports of Pennsylvania Department of Environmental
Resources; does not include dredge coal.

2Less than ~ unit.
3Data may not add to totals shown because of independent rounding.

Source: Minerals Yearbook, U. S. Bureau of Mines, 1972.
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TABLE 11-13

TRUCK AND RAIL SHIPMENTS OF ANTHRACITE

United States
Selected Years 1950-1973

TRUCK RAIL

Percent Percent
of all of all
Truck Rai 1

Shipments Percent Shipments Percent
Total Destined of all Total Destined of all

Shipments to Pa., Shipments Shipments to Pa., Shipments
Year (Tons) NJ, & NY by Truck (Tons) NJ, & NY by Rai 1

1950 6,880,685 99 18 31,350,908 70 82
1955 8,050,298 99 30 18,357,270 69 70
1960 8,668,416 98 51 8,369,680 68 49
1961 8,642,551 98 53 7,818,598 69 47
1962 7,998,196 98 51 7,591,556 67 49
1963 7,970,106 98 50 7,979,392 53 50
1964 7,861,857 98 51 7,450,286 56 49
1965 6,811,607 98 51 6,421,919 54 49
1966 6,021,000 98 55 4,943,000 53 45
1967 5,312,000 97 56 4,136,000 50 44
1968 5,181,000 95 59 3,481,000 49 41
1969 4,821-,000 97 54 4,018,000 46 46
1970 4,527,000 98 56 3,522,000 41 44
1971 4,487,000 98 57 3,347,000 43 43
1972 3,966,000 98 59 2,651,000 45 41
1973 3,775,551 - 57 2,835,309 - 43

Source: 1. Minerals Yearbook, U. S. Bureau of Mines, Selected Years.

2. "pennsylvania Anthracite Weeklyi', Mineral Industry Surveys,
U. S. Bureau of Mines, March 29, 1974.
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shipped by rail in 1950, 66 percent was still being loaded into hopper cars
in 1972. The bituminous industry also took advantage of inland waterways
to transport 12 percent of its coal in 1972, arid mine - mouth generating
plants consumed an additional ten percent of the production.

E. 4 Ra i 1roads

E.4.a Availability of Railroads

Six Class 1 railroads serve the Pennsylvania Anthracite Region. Of
the six listed in the table below, Reading is the largest originator of an-
thracite shipments. In 1973, 2.2 million tons were loaded into Reading
cars and 55 percent of all anthracite shipped by rail was carried on Reading
1i nes.

TABLE 11-14

CHARACTERISTICS OF RAILROADS

Pennsylvania Anthrac i te Region
1973

Tonnage Number clf
Deep Mines

Railroad Originated Carried Served
(1) (2) 0)

Central Ra i 1road of New
Jerseyl 250,525 250,525 1

Delaware and Hudson Railway 274,471 332,273 3
Erie Lackawanna Railway Co. 62,000 232,000 1
Lehigh Valley Railroad Co. 780,7802 N/A 9
Penn Central Transportation

Company 412,192 1,028,123 3

I
Reading Company 2,213,990 2,213,990 I' 39

I Total 3,993,9.58 N/A [ 56,
!
I
II lCentral Railroad Company of New Jersey has discontinued operations in
IPennsylvania. A subsidiary, Lehigh and New England Railroad, moved the
!reported tonnage.
I 2Estimated by Lehigh Valley Railroad officials.

Source: 1. Communications with individual railroads.
2. Testimony of the Economic Development Council of North­

eastern Pennsylvania on Regional Rail Reorganization, EDCNP, March, 1974.
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Column 3 of the above table indicates the number of deep mines operating
in 1973 that were served by the individual railroads. This is no indication
of all the anthracite producers using the rails, but only the deep mines which
are served by rail heads.

The map on Plate 11-16 shows the location of these railroads in the
coal regions. The insert of the northeast United States rail network
included on this map reveals the availability of connections from the An­
thracite Region to major population and industrial centers. The strategic
location of anthracite reserves, as well as the transportability, is readily
apparent from this map.

E.4.b Conditions and Facilities of Railroads

On Table 11-15 the six anthracite serving railroads are presented
with a comparison of their facilities in 1955 and 1972. Since Penn Central
Railroad Company and Erie Lackawanna Railway Company were not entities in
their present form in 1955, a comparison would not be as straightforward.
The four remaining rails evidence obvious deterioration of facilities. In
every case, the number of locomotive units, freight cars, and total miles of
railroad operated declined. Hopper cars, the predominant mover of coal,
have experienced a precipitous withdrawal from service. Total hopper car
stock of the railroads listed in columns 1 through 4 declined by more than
65 percent in the 17 year period. Column 3 of Table 11-16, however, reflects
the trend in the railroad industry today towards larger hopper cars. This
shift from 70 to 100 ton cars partially offsets the loss of hopper cars in
service since fewer cars are now required for. an equivalent aggregate
capacity. There is still, at present, a shortage of hopper cars which
is expected to worsen. The situation is further aggravated by poor track
maintenance and inefficient operation, which hamper coal movement. 1

Paralleling the deterioration of rail facilities in the coal regions
is the decline of anthracite tonnage shipped by rail. Column 3 of Table
11-16 shows 80 percent less anthracite moved by rail in 1972 than in 1955.
Coal traffic on all six railroads fell in the five year period from 1966
to 1971. The losses ranged from four percent on the Erie Lackawanna
to 25 percent on Reading Railroad. 2 With such a loss of coal revenue
(Table 11-16, column 5) the rate of dissipation of rail service facilities
for coal is not surprising.

Ipennsy1vania Coal, Governor's Energy Council, E. Kline, Chairman,
1974, p.5.

2l1Coal's Partner", Forbes, Vol.llO, November 15, 1972, p.46.
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TABLE 11-15

RAILROAD EQUIPMENT IN SERVICE

Railroads Serving the Pennsylvania Anthracite Region
1955 and 1972

552
531

o
o

22,069
20,670

5,045

2,396
1,521

2,864

Erie
Lacka­
wanna
Rai 1­
road,"

3,898
3,884

174
o

166,250
164,702
35,206

47,960
10,543

972 I 19,861

151
156

o
o

223
223

o
o

1,150

6,0221 127
591 847

15'38014'976
15,284 4,270
2,665 1,376

Penn
Centra 1

Lehigh Va 11ey IRai 1road
Railroad Co. Company*

250
245

o
o

14,142
13,302
3,838

5,188
907

354
360

o
40

1,307 I 1,171

Reading Company

30,310
29,004
7,823

13 ,016
582

117
110

o
o

l,420
325

717

179
174

o
o

5,956
434

792

11, 609 1 5 '571
10,608 5,380
1,136 331

138
100

o
o

290
1,128

402

3,521
2,771

134

613

10,512
10,038
2,319

4,249
482

182
182

o
34

(steam)
Freight Train Cars

No. at Beginning of Year
No. at End of Year
Gondola (End of Year)
Hopper (End of Year)

Open Top
Covered

Total Miles of Road Operated

Central Rail-
road Company+De Iawa re and

Equipment in Service I of New Jersey Hudson Rai Iway

. L~5;l1972- 1955-1'"1-9-72-+1-1-95-5----.-1-1-9-72-+1-1-95-5---0,-19-7-2-1 1972 I 1972 I
i .----

Locomotive Units
Diesel (Beginning of Year)
Diesel (End of Year)
Electric (End of Year)
Other (End of Year)

\J1
\J1

*Not in Existence in 1955

Source: I. Pennsylvania Transportation Resources, Department of Commerce, Commonwealth of Pennsylvania, 1970.
2. Eighty-Sixth Annual Report on Transportation Statistics in the U.S. for Year Ended December 31, 1972,

I.C.C., Washington, D. C., Part 1

~~
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TABLE 11-16

FREIGHT STATISTICS - PREPARED ANTHRACITE AND BITUMINOUS

~_!\.

c::::J
-J

1955
1960
1965
1966
1967
1968
1969
1970
1971
1972

United States
Selected Years 1955-1972

(A",~~:~; te)1 (~;:(;:~:-:11
\T1
0"

lvea'
r

Carloads
(An th rac i te)

--,---------------------1-----
367,309 20,661,437
175,135 9,899,596
115,833 7,028,640
103,393 6,352,991
90,196 5,684,381
76,827 4,826,301
72,027 4,598,023
55,859 3,533,927
51,161 3,226,454
40,429 2,550,614

56.25
56.53
60.68
61.45
63.02
62.83
63.84
63.27
63.06
63.09

Gross Freight
Revenue

(Anthracite)

$68,806,678
36,620,902
23,128,135
23,347,778
20,773,414
19,131,788
18,809,901
17,830,315
19.342,938
16,556,463

Freight
Revenue/Ton
(Anthraci te)

$3.33
3.70
3.29
3.68
3.65
3.96
4.09
5.05
6.00
6.49

Freight Revenue/Ton
(Bituminous & Legnite)

$3.24
3.40
3.81
3.01
3.00
3.01
3.11
3.42
3.70
3.67

, - I I

Source: Freight Commodity Statistics, I .C.C., Selected Years.
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Railroads in the past have been financially dependent on the coal indus­
try for up to ten percent of their revenues. Relatedly~ five of the six
railroads listed in Table 11-14 are presently bankrupt. One of these lines~

the Reading Railroad Company, has expressed that if sustained coal movements
could be reestablished the railroad could throw off bankruptcy and reorganize. l

. Considering the present state of the rails, any revitalization of the
anthracite industry will require a proportionate revitalization of the rails,
especially if markets are developed outside the middle Atlantic states. As
the Transportation Task Force Report of the Pennsylvania Action Conference on
Coal stated: "Trucking coal is economically prohibitive over longer distances,
and is ecologically unacceptable over any distance. 112

E.4.c Rail Reorganization

The 1973 Federal Regional Rail Reorganization Act portends doom for
the rail service of the Pennsylvania Anthracite Region. The United States
Department of Transportation (DOT) and the United States Railway Association
(USRA) have evaluated the rail lines in the northeast and have found the lines
listed in Table 11-1] to be "excessivell. Plate 11-1] is the visual presentation
of these excess lines.

The excess trackage is under consideration for pruning to reorganize the
rail system under government control. The new system is slated to begin
operation as CONRAIL in 1976. According to the Pennsylvania Governor's
Energy Council liThe specter of abandonment of service and of rights-of-
way in coal regions ... is a nightmare of inept publ ie and private pol icy.113

In four DOT zones in the Pennsylvania Anthracite Region (Zones 70, 71,
72 and 82) a total of 277 miles of track are listed as excess. Several
operating collieries have been identified as being in jeopardy as a result
of the railroad abandonment proposals. These collieries could be forced
to cease operations if the trackage is discarded. The collieries listed
in Table 11-18 do not include recently closed ones that could be reopened
under conditions of revitalization of the industry.

Deep mines are not the only coal operations affected by railroad elimina­
tion. In addition~ a survey conducted by the Economic Development Council

leoal For the 70'S~ ~ Pennsylvania Action Conference, Institute of
State and Regional Affairs~ I. Hand, Director~ Harrisburg, Pennsylvania,
April 24, 1974, p.20l.

2lbid.

3The Governor's Energy Council, op. cit., p.5.
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TABLE 11-17

POTENTIAL EXCESS TRACKAGE
DESIGNATED BY THE U. S. RAILWAY ASSOCIATION

Pennsylvania Anthracite Region
1974

OSPD
No. Name of Line

34 Branch to Glen Lyon
36 Freeland to, but not including,

Jeddo
73 Kulps west to Dornsife
75 Catawissa to Lofty
77 Westwood West through Tremont

to Good Spri ng
78 Tremont to Pine Grove
79 Suedburg South to Lebanon
8la Delano to Raven Run
81b Nesquehoning to Tamanend

197 Scott Branch from Brady North
to Terminus

198 Green Ridge Branch from Shamokin
Secondary North to Sagon
Junction

200 Coirard Mammoth-Colliery Branch
201 Locust Gap Colliery Branch
202 Schuylkill Valley Branch at

Middleport
204 Section of Watsontown Secondary

in Berwick
208 Pink Ash Junction to beyond

Jeddo
209 Nesquehoning Junction North to

Glen Onaka
211 Branch to Nant i coke
212 Franklin Branch at Wilkes-Barre
213 Haucks Junction to Tamanend
214 Nesquehoning West to Schuylkill

County Line
216 Laurel Junction South through

Newton to Rock
219 Schuylkill Secondary from Potts-

ville Southeast to Berks
County Li ne

263 Shamokin Secondary Track From
Sunbury Southeast to Mount
Carmel

275 Hudson to Buttonwood
276 Buttonwood Branch from Sunbury

to Wilkes-Barre
278 St. Clair to Bear Run Junction
279 Catawissa to Rupert
280 Lorberry Junction to Terminus
281 Tremont to Terminus
282 Swatara Junction to Terminus
283 Silverton to West Junction
290 Good Spring to Terminus

Number
of

County Rai lroad Mi les

Luzerne Penn Central Rai lroad Company 5.1
Luzerne Lehigh Valley Rai 1road Company 2.3

Northumberland Reading Company 12
Columbia & Schuy1ki 11 Reading Company 37
Schuylki 11 Reading Company 14

Schuy1ki 11 Readi ng Company 6.8
Schuy1 ki 11 & Lebanon Reading Company 0.75
Schuyl ki 11 Lehigh Valley Railroad Company 13.66
Schuylkill Lehigh Valley Railroad Company 13.3
Northumberland Penn Central Rai lroad Company 1.9

Northumberl and Penn Centra 1 Rai lroad Company 1.4

Schuyl ki 11 Reading Company 1.63
Northumber 1and Reading Company 0.42
Schuylkill Reading Company 0.12

Columbia Penn Central Rai 1road Company 0.3

Luzerne Lehigh Va 11ey Ra i 1road Company 3.2

Carbon Lehigh Va lley Ra i 1road Company 0.8

Luzerne Penn Central Rai 1road Company 6.8
Luzerne Lehigh Val ley Railroad Company 1.04
Schuyl ki 11 Lehigh Valley Rai 1road Company 0.8
Carbon Lehigh Valley Rai 1road Company 4.6

Schuy1ki 11 Lehigh Valley Railroad Company 9.6

Schuy1ki 11 Penn Central Rai 1road Company 12.0 !

Northumberland Penn Central Railroad Company 25.6

Luzerne Penn Central Ra i 1road Company 7.4
Northumberland, Montour Penn Central Rai 1road Company 63.0
Columbia & Luzerne

Schuylkill Reading Company 8
Columbia Reading Company 2.4
Schuylki 11 Readi ng Company 2.6
Schuyl ki 11

I

Reading Company 0.2
Schuylki 11 Readi ng Company 1.6
Schuylki 11

I
Reading Company

I

N/A
Schuy1 ki 11 i Reading Company N/A

Source: Pennsylvania Office of State Planning and Development, "Analysis to Date of 'Potentially Excess
Rail Lines' Designated by the U. S. Railway Association", December 9,1974.
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TABLE 11-18

COLLIERIES JEOPARDIZED BY RAIL REORGANIZATION PROPOSALS

Pennsylvania Anthracite Region
1974

\c-J!,
\~-~

: •• .Jo.

Colliery Zone Ownership Ra il road
Trackage
in Miles

0'
o

Huber

Wanamie

Jeddo No.7

Hazleton Shaft

Eckley

Beaver Brook

Gowen

Lion

Tamaqua

Trevorton

72

72

72

72

72

.., ...
1£0

72

72

72

82

1Blue Coal Company
Ashley, Pa.

1Blue Coal Company
Ashley, Pa.
Lehigh Val ley Coal Co.
W. Pittston, Pa.
Lehigh Valley Coal Co.
W. Pittston, Pa.
Buckley Coal Company
Weatherl y, Pa.
Buckley Coal Company
Weatherly, Pa.
Gowen Coal Company
Fern Glen, Pa.
Lehigh Val ley Coal Co.
W. Pittston, Pa.
Greenwood Coal Co.
Tamaqua, Pa.
Reading Company
Po t t sv ill e, Pa .

Lehigh Val ley Rai I road Company
Ashley Outbound
Lehigh Valley Railroad Company
Wanamie/Blue Coal Spur
Lehigh Valley Railroad Company
Ashmore to Jeddo
Lehigh Valley Railroad Company
Ashmore to Jeddo
Lehigh Valley Rai lroad Company
Eckley to Drifton
Lehigh Valley Raj Iroad Company
Beaver Brook Vertical
Lehigh Valley Railroad Company
Gowen to West Hazleton
Lehigh Valley Rai lroad Company
Ashmore to Jeddo
Lehigh & New England Rai lroad
Spur South to Hauto
Reading Company
Trevorton to Shamokin

7

4

4

4

2

4

10

4

6

9

IBlue Coal Company ceased operations in 1974.

Source: "Testimony of the Economic Development Council of Northeastern Pennsylvania on
Regional Rai I Reorganizationll

, Economic Development Council of Northeastern Pennsylvania, March 12,
1974, page I-A.4.
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of Northeast Pennsylvania (EDCNP) identifies ten coal companies which "Must
have rail service to exist".l The companies (which include strip and bank
operations) accounted for 43 percent of all the anthracite production in
1973. One of the ten companies, The Buckley Coal Company, is the fastest
growing company in the region. 2 The Company plans to erect the region's
first calcinating plant to process anthracite for use in the aluminum industry.
The abandonment of trackage from Eckley to Drifton, a total of two miles,
would force The Buckley Coal Company to close down.

Pagnotti Enterprises and its subsidiary companies are primarily strip
operations, which tallied the largest single production of anthracite in
1973. Approximately 55 percent of the coal from the Lehigh Valley opera­
tion was del ivered to market by rai 1. Executives of Pagnotti Enterprises
indicated that rail service is essential to continued operation.

The Rail Reorganization Act specifies that "Existing railroad trackage
in areas in which fossil fuels and natural resources are located l' should
remain intact. 3 In spite of the intent of the act, the U.S.R.A. "Prelim-
inary Plan l' still recommends that certain of the anthracite serving rails
not be included in the ConRail System. 4 The disgrace of abandonment will
emerge should future expansion of anthracite output in the entire region
be contained by inadequate rail service.

E.4.d Rail Rates

Bulk transport rates of coal have traditionally added an appreciable
increment to f.o.b. mine prices. In Plate 11-18 the sales realization of
anthracite at the preparation plant is compared to the average national freight
rate for anthracite shipments. The total cost of extraction and preparing
coal in 1972 was approximately twice the cost of transporting it to market.

Rail rates have remained near half the sales price for the last twelve
years. The recent increase in coal prices (see Chapter I I I, p.4) will,
for 1974, relegate the rail additive to a lesser order of importance.

IThe Economic Development Council of Northeastern Pennsylvania,
Opt cit., Exhibit 3, appendix I-A.

2lbid.

3Evaluation of the Secretary of Transportation's Rail Service Report,
I.C.C., May 2, 19~, p.33.

4The U.S.R.A. Preliminary System Plan became available after the analy­
sis of the rail section. The Preliminary Plan modifies both Plate 11-17
and Table 11-17. See U.S.R.A., Preliminary System Plan, February 26, 1975,
especially Volume II, p.711-799.
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AVERAGE SALES REALIZATION AND FREIGHT RATES
OF ANTHRACITE

UNITED STATES
1960 - 1972
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Rail rates are based upon a series of components with mileage seldom
the primary determinant. Factors which will affect rates include:

1. The presence of competition of trucks to given rail destinations.

2. The weight of the rail cars, with greater capacity of hopper cars,
the lower the rate.

3. The ownership of coal cars.

An additional influence on coal rates is the type of rail coal move­
ment utilized. Coal is hauled in single cars or any of three basic bulk
shipments. The bulk rate applies to a shipment from two or more points
of origin with a definite minimum tonnage per train required in order to
qualify for a special rate. Unit train movements arise from a single
origin, and terminate at a single destination. Integral trains, or shuttle
trains, consist of a unit of cars and motive power which remains coupled
in the entire shipping process. All three of these discount shipping
methods are part and parcel of bituminous movements. Anthracite hopper
cars, on the other hand, are never joined in bulk shipments, yet the single
car method is generally more expensive. The relatively smaller output
of anthracite mines would not eliminate the possibility of using bulk move­
ments if assembly point plans or half train rates were introduced. l

Anthracite rail movements are also handled in smaller car loads. For
the five year period from 1967 to 1972 anthracite hopper cars have carried
an average of 13 less tons per car than bituminous. The combination of
smaller car loads and single car rates partially explain the high cost of
moving anthracite. Although anthracite rates are generally based on a
shorter distance haul than bituminous, the average rate in cents per ton
mile for anthracite traffic exceeds that of bituminous. In columns 5 and
6 of Table 11-16, bituminous and anthracite rates are compared for recent
years. In every year except 1965 the rate for bituminous coal has been
lower than that of anthracite. Since 1965 the average rate for anthracite
per ton has almost doubled. In the same period bituminous rates per ton
have declined 14 cents.

Table 11-19 presents typical 1974 freight rates for anthracite and
bituminous coal expressed in dollars (column 4) and mills per ton mile
(column 5). Difficulties arise in comparing freight rates because they
are a function of many variables. Mileage is, nonetheless, the primary

lRail officials cite two reasons why assembly point plans are not
used: (1) they could not supply enough hopper cars at once and, (2) too
few anthracite shipments are of sufficient volume and destined to a single
customer to warrant the unit train movement.
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I
TABLE 11-19

TYPICAL FREIGHT RATES - ANTHRACITE AND BITUMINOUS

United States
1974

Rate in Mi lIs/
From Via To Mi les Rate/Net Ton ton mile

ANTHRACITE COALY

Locust Summit, Pa. Reading Benson Mine, N.Y. 557 $8.15 14.6
Gi lberton, Pa. Reading Ironton, Ohio 701, 9.86 14.0
Locust Summit, Pa. Reading Parsons, W. Va. 366 8.01 21.9
Tremont, Pa. Reading Wrentham, Mass 450 8.03 17.8
Shamokin, Pa. Reading Philadelphia, Pa. 138 5.02 36.42
Shamokin, Pa. Read ing Wilmington, Dela. 152 5.72 37.62
Shamokin, Pa. Read Ing Bethlehem, Pa. 120 3.67 30.62
Shamokin, Pa. Penn Central Philadelphia, Pa. 187 5.02 26.82
Scranton, Pa. Er Ie Lackawanna Binghamton, N. V. 68 3.25 47.82
Scranton, Pa. Er Ie Lackawanna Youngstown, Ohio 424 7.81 18.42

Average Unweighted Miles 316.6
Average Unweighted Mills/ton mile 26.6

BITUMINOUS COAL

Clearfield, Pa. Penn Central Philadelphia, Pa. 314 $7.76 24.72 ,3
Clearfield, Pa. Penn Central Baltimore, Md. 266 7.76 29.22 ,3
Clearfie ld, Pa. Penn Centra 1 Carthage, N.Y. 414 8.54 20.62 ,3
Ei;lensburg, Pa. Penn Central Beth lehem, Pa. 269 7.13 26.54

Ebensburg, Pa. Penn Central Lackawanna, N.Y. 260 6.89 26.52 ,4
Johnstown, Pa. Penn Cent ra 1 Swedeland, Pa. 263 6.89 2' 22 ,4o. 5
Grant Town, W. Va. Penn Central Eddystone, Pa. 451 6.12 13.62 5
Phi I ipsburg, Pa. Penn Centra 1 Dresden, Pa. 255 5.72 22.4 '
Clearfield, Pa.· Penn Centra 1 Dunk irk, N. Y. 215 5.32 24.72 ,5
Fairmont, W. Va. Penn Central Roches te r, N. Y. 430 5.84 13.65

Average Unweighted Mi les 313.7
Average Unweighted Hills/ton mi Ie 22.8

i

lAll anthracite movements are single car shipments.
2Shipments originated and terminated on 1ine.
3Single car shipment.
4Volume shipment (1,500 tons one origin - 5,000 tons more than one origin).
5Trainload shipment (7,000 tons - one or two origins).

Source: Written comments from individual railroads.
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determinant of rates. The mileage upon which these rates are constructed
are comparable - 317 miles for the unweighted average anthracite haul,
compared to 314 miles for the unweighted average bituminous haul. The
rates, however, are not as comparable. Bituminous rates enjoy a 14.3
percent advantage over anthracite rates.

The influence of single car versus bulk shipments can be removed and
the rate disparity still exists. All of the anthracite rates are based
on a single car rate, while the first three bituminous rates are single
car, yet the average 2.48 cents per ton mile is less than the average anthra-
cite rate. Price discrimination against anthracite coal as compared to
bituminous in rail rates appears as much alive today as it did in 1938 when
the Pennsylvania Anthracite Coal Industry Commission found anthracite rates
excessive (Chapter I, p.22).

E.5 Trucks

Truck shipments from the breakers, reported by the U. S. Bureau of
Mines in 1973, amounted to 3.8 million tons. These deliveries from the
breaker generally moved to the local market for sales. The preparation
plant operator either sold his product to the truckers, who sold it to
retail dealers, or it could be sold directly to the retailers or customers.
Ninety-nine percent of truck shipments were destined for the mid-Atlantic
states in 1973, with the bulk remaining in Pennsylvania.

The
has been
11-13 .
He cited

1.
2.
3.
4.
5.
6.

shift from rail to truck shipments in the last quarter century
dramatic. The trend from 1950 to 1973 is apparent from Table
Mr. J. Vaughan commented on this trend using 1948 to 1962 statistics.
the following cause for the transition:

The relative stability of the market in the producing region.
Increased rail freight rates.
Larger truck capacities.
Improved highways.
Shorter turn around time between mine and consumer.
Greater flexibil ity in retail dealer operations. 1

Of these six propositions only the first one is no longer valid today.
In the decade from 1962 to 1972 the percent of all shipments to markets
within the Pennsylvania producing region declined from 43 percent to 40
percent while Western markets grew slightly. None the less trucking has
continued to grow in relative importance for distributing the anthracite.

lJ. Vaughan, "Anthraci te" , Mineral Facts and Problems, U. S. Bureau
of Mines, 1965, p. 57.
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Road conditions have Improved, primarily from the introduction of the
Interstate Highway system to the Anthracite Region In the last two decades.
Plate 11-19 shows the major highways In the coal region as well as the Inter­
state highways (80, 81, 84, and 380) which converge, with the Pennsylvania
Turnpike, in the anthracite area. The net result Is easy access to major
cities on the east coast with the system providing direct links to New York
City, Philadelphia, Baltimore, Syracuse and Harrisburg. All these destina­
tions are less than 200 miles from Scranton in the Northern Coal Field.

E.6 Transportation Capabilities Evaluated

Present production of anthracite coal is not restrained by inadequate
transportation. The threat of rail abandonment could alter this picture
by leaving several mines and breakers idled by severance from their markets.
Increased production of anthracite would be discouraged by an emasculated
ra i I road.

Although the modal shift from rail to trucks could continue, the current
demand for land and energy use efficiency militates against it. Rail fuel
efficiency was assessed by the Battel Ie Institute Study.l The exhaust emis­
sion per ton mile of freight moved by truck was found to be more than three
times the emission for rail. The railroads are also more efficient land
users, occupying about seven percent of the land that highway rights-of-way
occupy. The future of rails will influence the anthracite Industry. Should
production of anthracite expand significantly both truck and rail carriers
will have to share the increased load.

F. LEGISLATION

This section examines some of the legislation that Is pertinent to
anthracite 'mining, and, where appropriate, comments on the effect of this
legislation on the industry.

President Gerald R. Ford, In his January 15, 1975 State of the Union
Address, commented that he Intended to seek amendments to the Energy Supply
and Environmental Coordination Act which would encourage power plants to
convert to coal, and to the Clean Air Act 1tJhlch will allow greater coal
use without sacrificing clean air goals. President Ford has requested
planning for 250 major new coal mines, and 150 major new coal-fired power
plants.

lEvaluation of the Secretary of Transportation1s Rail Service
Report, op. cit., p.33.

I I - 66



MAJOR HIGHWAY ACCESS
PENNSYLVANIA ANTHRACITE REGION

1974

17\ .£.OAL rtEL/)
~Norfhern
I?\ (j)-Eosfern Middle
~weslernMiddle

&S'otJlhern

SOUl/CEo' /lA? ()//icio!Tron.tpor/'olion Mo! '; A:1.0l!PI.
01' Transpor!otion, /.974, "Pvblic Roods vs.Ol!por!ml!nt
01 T/t:!nspor!oll(Jn, 1171. ~6/N°·I, 1914

PLATE II - 19

II - 67

118



Even though the Administration desires that energy users be directed
away from oil and into more diversified sources, a moratorium has been placed
on federal spending on all but those projects essential to expanding energy
resources. The priorities specify the development of synthetic fuels
from oil shale and coal derivatives. A goal has been established to secure
one million barrels per day in 1985, using technologies presently nearing
commercial application.

F.l National Environmental Policy Act of 1969

The National Environmental Policy Act established the Council of
Environmental Quality (CEQ) and granted all federal agencies a mandate to
consider the environmental impact of their actions.

The Council consists of three persons who report directly to the
President and are charged with the responsibility of appraising environmental
trends and to recommend national policies concerning the conservation, social,
economic and health goals of the nation. The Council publishes an annual
report concerning the state of the nationls environment. An Office of
Environmental Quality has been established to support CEQ with a profes­
sional and administrative staff.

The CEQ through the 1969 Act will have the responsibility to evaluate
and report to the President its findings concerning the environmentcil effects
of any future National Energy Policy.

F.2 Federal Energy Administration Act of 1974

On May 2, 1974, President Richard M. Nixon signed the Federal Energy
Administration Act of 1974, and charged its Administrator with "es tablishing
a comprehensive national energy policyli and assessment of the adequclcy of
energy resources for the future.

The Federal Energy Administration (FEA) is to serve until June 30,
1976, and six months prior to termination is to supply the Congress with
recommendations for an organization of the Government to manage energy
and natural resources policies and programs.

In December 1974, an interim Comprehensive Energy Plan waS submitted
to the Congress which did identify six national energy goals but did not
establish a long term policy. Energy research and development plans were
not submitted because they would yield II ••• no appreciable impact upon
(the) energy supply for the next two years ll

•

Oil and gas are to be reduced as primary energy sources in favor of
coal (if the user finds coal a feasible alternative). The majority of
programs to relieve energy problems are directed to reducing oil imports
and initiating the acceleration of nuclear energy. The desired total coal
production for 1976 is 741 million tons.
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F.3 Energy Supply and Environmental Coordination Act of 1974

On June 24, 1974 the Energy Supply and Environmental Coordination Act
gave the Federal Energy Administrator the authority to prohibit any power
plant, and may possibly prohibit any major fuel burning installation, the
privilege of burning natural gas or petroleum products as its primary
energy source li the plant has the present capabil ity to burn coal.

The Environmental Protection Agency (EPA) has been designated as the
Administration to determine which facilities are not exceptions to the law
and to certify the earliest date that the consumers should begin to use coal
as their primary fuel source.

Power plants and major fuel consuming installations (with some excep­
tions) may be required by the FEA to design for coal as the primary energy
source.

This Act may provide new markets for anthracite as a fuel in regions
where it can compete with bituminous coal as a proposed fuel.

F.4 The Clean Air Act of 1965 (Amended 1970 and June 1974)

The Clean Air Act legislates against air pollution and originates a
national research and development program to protect and maintain clean
air standards.

The Administrator of the Act is directed to give special emphasis to
R&D projects which relate to fuel combustion, combustion by-products,
potential air pollutant removal, emissions control, and combustion efficiency.

The Clean Air Act Amendments of 1970 established areas designated as
air quality control regions and provided standards for air quality control
criteria. Air pollutants were identified as those factors which affect the
public health or welfare in an adverse manner.

Each state was directed to enforce its own standards of air pollution
for stationary sources located within its boundaries.

In 1974 the Act was amended to give the Administrator of the Environ­
mental Protection Agency authority to determine the emission limitations
and requirements with respect to the pollution characteristics of coal.
The EPA is to monitor the burning of coal and provide that no harmful emis­
sions result which would be in excess of air quality standards.

In order to support the conversion from burning gas and oil products
to coal as required by the Energy Supply and Environmental Coordination
Act, the Environmental Protection Agency has been tasked to identify and
certify those energy users who will be burning coal or coal by-products
as their primary power source.
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A statement issued by the National Coal Association,l forecasts that
annual coal production will require doubling by 1985. The net result
will be an additional $21 billion investment in new mines, as well as jobs
for some 80,000 new miners.

The 1974 Amendments to the Clean Air Act appear to ensure a future
for coal, but the industry will have problems meeting current regulations.
Almost one-half of the bituminous coal available does not meet EPA emission
standards and the costs to clean the high-sulphur coal can dramatically
increase the burning price to the consumer.

Anthracite coal, while it is presently more expensive to mine, could
be developed as an important fuel source for the northeast regional power
plants and major energy users. In many cases, anthracite sulphur levels
are well below EPA standards, and any energy user's design of a stationary
source which burns anthracite will either eliminate or greatly reduce the
costs of scrubbers presently required on the bituminous burning stacks.

F.5 Energy Reorganization Act of 19742

On October 11, 1974, President Gerald R. Ford signed the Energy Reorgan­
ization Act of 1974 which established the Energy Research and Development
Administration (ERDA). Under the new law the Atomic Energy Commission, the
Office of Coal Research, and branches of the Bureau of Mines, the Environmental
Protection Agency, and the National Science Foundation have been combined
into a new administration. ERDA is to have a projected staff of 7,,000
with a $10 billion, five year R&D program; 6,000 of the personnel and
84 percent of ERDA's 1975 budget will come from the Atomic Energy Commission.

The Assistant Administrator for Fossil Energy will be responsible for
developing new fuel technology. A significant number of coal associated
programs ar~ directed to liquefaction, gasification, and control technology.

F.6 Non-Nuclear Energy Research and Development Act of 1974

The Non-Nuclear Energy Act (signed December 31, 1974) states that as
much as $20 billion in federal research funds may be required to develop non­
nuclear energy technology in the next decade. The Act emphasizes that
time is of the essence and that crash programs which explore conceivable
technologies will have to be employed.

l'IThe Impact of the Clean Air Act on the U. S. Coal Industry: The
Problem and its Solution l' , National Coal Association, 1974.

21'Weekly Review #62", Energy Users Rep(~, October 17, 1974.
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The Administrator of the Energy Research and Development
tion is charged with the responsibility of governing the Act.
purpose will be to conduct a national program of both applied
projects emphasizing application of energy sources and energy
techniques.

Administra­
Hi s primary

and research
uti 1ization

122

The development of low sulphur boilers, coal gasification, coal lique­
faction, and in situ coal gasification are projects mentioned specifically
in the Act which would enhance coal development.

The improvement of existing energy systems through various management
devices are supported; however, the Act does not appear to readily endorse
the research and development of new raw material recovery techniques. The
Act does appear to emphasize research for power systems, such as coal gasifi­
cation. Mining is to be expanded by improving current recovery applications.
Whereas the bituminous deep mining industry could possible carryover some
of its advanced mining studies from Bureau of Mines R&D projects, there
are no such projects keyed to anthracite. A major problem will be to
receive funds under this Act for improving anthracite deep mining technologies,
unless they are to directly support an energy source demonstration project.

F.7 Federal Coal Mine Health and Safety Act of 1969

The Federal Coal Mine Health and Safety Act of 1969 established that
liThe first priority and concern of all in the coal mining industry must be

. the miner", and that the purpose of the Act is to:

1. Establish mandatory health and safety standards.
2. Require coal mine operators and miners to comply with such standards.
3. Provide assistance to and cooperate with the states in developing and

enforcing state health and safety programs.
4. Improve and expand, in cooperation with both the state and industry,

research and development and training programs aimed at preventing
coal mine accidents and occupational diseases.

Authorized representatives of
directed to enter the mines and to
during the process of inspection.
subject to assessment.

the Secretary of the Interior are
cite violations which have been found
All violations, minor or major, are

If the inspection determines a violation that is an imminent danger,
the inspector has the authority to order the mine closed until the hazard
is corrected.

The Act established health and safety standards for all phases of both
surface and underground mining operations. The coverage includes:
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1. Medical Examinations
2. Respiratory Equipment
3. Dust Control
4. Noise Control
5. Roof Supports
6. Ventilation
7. Combustible Materials
8. Electrical Equipment
9. Trailing Cables

10. Fire Protection
11. Maps
12. Blasting and Explosions
13. Hoisting
14. Emergency Shelters
15. Communications.

The Act also administers the "Black Lung Program" through the Secretaries
of Health, Education and Welfare, and Labor.

The Mine Enforcement and Safety Administration (MESA) has been estab­
lished in the office of the Secretary of the Interior to specifically carry
out the provisions of the Act. The anthracite industry is under the juris­
diction of the Division of Health and Safety, District 1, located in Wilkes­
Barre, Pennsylvania.

It has been the opInion of most operators, engineers, and consultants
interviewed, who have been involved in anthracite mining, that with few
exceptions the law is geared to bituminous coal mines. Some of these
standards have In effect placed a severe burden on the smaller operators
who account for most of the deep mined coal.

When the 1969 Act was in the drafting stage, there was for the most part
no representation or contribution from those actively involved in the anthra­
cite industry. There were some I'after-the-'fact" meet Ings wi th the hard
coal operators, but basically these meetings were merely a review of the law
as it was enacted and little or nothing was accomplished which would adapt
the regulations to peculiarities of anthracite mining.

In September, 1971 the Secretary of the Interior established The Advisory
Committee on Safety Standards for Anthracite Coal Mines. The committee
membership was composed of individuals qualified to evaluate the 196~3 Act
as it applied to Pennsylvania anthracite. In 1972 this committee submitted
its proposed amendments to the Secretary (see Appendix to Chapter I I).

In May, 1974 MESA established the Anthracite Task Force which in effect
has replaced the functions of the Anthracite Advisory Committee. The Task
Force has been charged with the responsibility of studying the entire spec­
trum of mine safety as it applies to hard coal mining.
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The absolute enforcement of standards concerning ventilation, electrical
wiring, and hoisting equipment has apparently created both technical and
financial problems within the mines which cannot be readily solved or whose
cost cannot be passed along to the consumer. The operator is then forced
to work at either a reduced production rate, lower profit margin, or could
possibly cease operations.

The standards concerning ventilation, safety catches, and automatic
couplers have been the most difficult problems to solve in the deep mines
and the inability to reach the proposed standards are essentially of a
supply or economic nature. Recognizing this problem, the MESA officials
who regulate the law for anthracite have relaxed certain conditions con­
cerning ventilation and monitoring devices, fan operation schedules, hoist­
ing problems, safety catches and to a certain extent electrical wiring.
This relaxation has occurred on an individual mine by mine basis. Each
case must be evaluated on its own merits.

MESA officials are quick to point out that the 1969 Act is a law passed
by Congress and that MESA is charged with upholding the law and its regula-
tions, as written. In a recent interview Mr. James M. Day, MESA's Admin-
istrator, discussed the proposed revisions to the law which will be introduced
to Congress in early 1975 as an administration bill. The two major changes
would concern, first, the elimination of mandatory fines for minor or inci­
dental violations, and in its stead a warning notice would be issued. Second,
the "De NOVO II review of assessments currently permitted by district courts
would be eliminated. The De Novo trial has been a delaying tactic used
by mine operators to receive an entire new trial on violations rather than
utilizing the courts of appeal.

The Department of the Interior is required by the Act to cooperate
with the industry to provide technical assistance, along with research and
development, in order to improve health and safety. Currently a techni~al

support group has been established in Pittsburgh to provide the prescribed
expertise. However, for various reasons, the personnel assigned have been
able to assist the bituminous coal mines to a far greater extent than the
anthracite mines. The lack of anthracite activity within the Pittsburgh
group has resulted in the formation of an in-house technical support group
in District I specifically serving the anthracite mines. The stated purpose
of this group has been "immediate answers for immediate problems", and it
is not anticipated that any research and development projects will be attempted.

F.B Federal Water Pollution Control Act of 1972

This Act states, in part:

The objective of this Act is to restore and maintain the chemical,
physical, biological integrity of the nationls waters. In order to
achieve this objective, it is hereby declared that ... it is the
national goal that whenever attainable an interim goal of water quality
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which provides protection ... shall be achieved by 1983. It is the
national policy that the discharge of toxic pollutants in toxic amounts
will be prohibited.

In order to carry out the objectives of this Act, there shall be
achieved, not later than July 1, 1977, effluent limitations for point
sources which require the application of the best practicable control
technology currently available, . . . .. Not later than July 1, 1983
effluent limitations ... shall require appl ication of the best avail­
able technology economically achievable ... which will result in
further progress towards the national 90al of eliminating the discharge
of all pollutants.

The states have been directed to locate, identify, and propose treatment
methods for all sources of water pollution (including those which are mine­
related) within area-wide regions. The overall treatment plans are to
include not only the proposed potential polluting sources but those abandoned
as well. The Environmental Protection Agency has established minimum
water quality criteria but does not limit the states from maintaining even
more stringent requirements.

F.9 Appalachian Regional Development Act of 1965

The Act acknowledges the Appalachian region of the United States as
one which is abundant in natural resources but lags behind the nation in
economic growth. An Appalachian Regional Commission has been established
with the purpose to develop, encourage, conduct, and sponsor coordinated
programs which will help develop the region.

Mining areas within the region which have been disturbed and abandoned
may be reclaimed with Appalachian funding in conjunction with the partici­
pating state. These funds are essentially to be used for restoration when
they can be related to economic growth, recreation facilities, public health
and safety, erosion control, flood control, etc.

The Commission is authorized to make a survey and study of mine acid
pollution and to estimate the economic or social benefits which would be
likely to occur from reducing the pollution levels in Appalachia's streams.

The Appalachian Regional Development Act has the authority to assist
with programs concerning highways, health centers, erosion projects,
mine area restoration, housing, airport safety, vocational education and
sewage treatment. All of these programs require State participation in
the project.

With the exception of certain erosion control plans, there are no provi­
sions under this Act to provide support or promote the economic development
of small individual private mining interests within the region.
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F.10 Pennsylvania Anthracite Coal Mine Act of 1965 (P.L.721)

This Act has consolidated some 18 earlier statutes and has combined
their most pertinent and relevant regulations into a single law affecting
deep mines and preparation plants.

The 1965 Act gives the Pennsylvania Secretary of Environmental Resources
the authority to establish anthracite mining districts, appoint qualified
mine inspectors and certify miners. The Act establishes the health and
safety qualifications for each supervisory position within a mine, delineates
the minimum acceptable standards required for health and safety in mines,
and provides for a record keeping procedure for mining operations. The
law does provide both civil and criminal penalties for violations of the
Act.

When the Federal Coal Mine Health and Safety Act of 1969 became law,
the health and safety aspects of the Anthracite Coal Mine Act were super­
seded, for the most part, with stricter federal regulations.

The Federal Act requires automatic assessments for violations regardless
of the severity while the Commonwealth of Pennsylvania law requires only
that the mine inspector report his findings to the Secretary in writing.
Both the federal and state inspectors do have the authority to stop work
in the mine for imminent hazards. The Commonwealth inspector does have
the power by law to "Exercise sound discretion in the performance of his
duties'l while federal inspectors are required by law that if IIThere has been
a violation of any mandatory health or safety standards, he shall issue a
notice to the operator ...".

The law is in conflict with the Mine Enforcement and Safety Adminis-
tration (MESA) concerning roof supports. Pennsylvania requires that timber
spacing not exceed six feet, while MESA requires five feet or less of spacing.
In the older mines retimbering to new dimensions can be a significant and
expensi~e problem.

Even more significant, the Anthracite Coal Mine Act identifies the
distinction between gaseous and non-gaseous mines. MESA regulations are
based on the assumption that all mines are gassy.

One significant constraint to the advancement of minIng technology in
anthracite is the stringent procedural requirements placed on the use of
roof bolts (Section 271). The operator of each mine that desires to use
roof bolts is first required to have approval of three mine inspectors
and permission, in writing, from the Commissioner of Deep Mine Safety.

F.l1 The Clean Streams Law of Pennsylvania (1970)

Pennsylvania1s Clean Streams Law gives the Department of Environmental
Resources, through the Environmental Quality Board, power to evaluate the
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statels water resources, and to regulate polluting discharges into the
streams by establishing quality standards. These standards are used to
determine the limits of effluent contamination before designating an in­
dustry as a polluting source. The law states that no industrial waste
shall be permitted to flow or discharge untreated into Pennsylvania streams,
and that all treatment facilities for handling polluted waste shal'i! be
approved by the Department.

Specifically concerning coal mining the law states IINo person ...
shall operate a mine or allow a discharge from a mine into the waters of
the Commonwealth unless such discharge is authorized by the rules
and regulations of the board 11. The law covers only those mines
which were operating on or after January 1, 1966, and regulates discharge
controls during active operations and after mining ceases.

The land owner is held liable for all polluting discharges from his
property unless it can be proven that the pollution is the cause of an Act
of God that has occurred after a completed and approved conservation plan
has been accepted by the Department.

More than 80 percent of the known coal reserves in the anthracite fields
are inundated with more than 91 billion gallons of water from approximately
160 major deep mine pools. In 1948, a period when the current industry
production was nearly ten times that of the present, over 200 billion gallons
of water were pumped annually. Water in the existing mine pools will
be a constant problem if the inundated reserves are to be recovered. It
is reasonable to expect that pumping conditions will be no better in the
future should mining activity increase, and annual rates may match or exceed
200 billion gallons annually. This huge volume of water will come under
the Clean Streams Act and will be required to meet the standards set by
the Environmental Quality Board.

F.12 Pennstlvania Surface Mining Conservation and Reclamation Act of
1971 P.L.1198)

The 1971 Act applied to both anthracite and bituminous strip mines as
of January 1, 1972. The Secretary of Envi ronmental Resources is endowed
with the power to issue strip permits, license operators, and control re­
c1amat ion work.

The Act further stipulates that a bond must be posted when the strip
permit is issued to finance reclamation should the operator default in his
responsibility. In addition, an acceptable plan for reclamation mllst be
submitted to the Secretary. The reclamation plan desired by the law is
to regrade by contouring so that the quality of terrain conditions is main­
tained. Any variation from the original contour requires a full explana­
tion of the conditions which do not permit backfilling to original contour.
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Those mines in the anthracite industry which are stripping thick (25+
feet), steep pitched veins and those which have been active for decades
are faced with backfilling spoil totalling millions of tons into pits which
are individually up to 700 feet deep. The cost of regrading at this magni­
tude becomes an economic constraint.

The law does present a definite constraint to anthracite strip mining
with its definition of terracing. The maximum angle of 35 degrees allowed
at the highwa11 will be extremely difficult to comply with when the pitches
often exceed 45 to 60 degrees. The resulting excavation will not only
be costly, but may require removing large acreages of vegetation above
the vein. The 35 degree maximum angle will be less hazardous than the
existing bottom rocks; however, the environmental costs of disturbing
the overburden may not warrant such work.
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...101 F.13 Pennsylvania Land and Water Conservation and Reclamation Act of 1968
(Amend ed 1970 )

-

This Act gives the Commonwealth of Pennsylvania authority to identify
and eliminate stream pollution from mine drainage, eliminate air pollution
from mine fires, to control underground fires, and to alleviate deep mine
subsidence. A $500 million bond for a Land and Water Conservation and
Reclamation Fund was established to finance such operations. Whenever
it is determined that abatement of mine related pollution is in the public
interest, the Act provides for utilizing the Commonwealth's "Eminent Domain
Code" and gives access to properties for the purpose of correcting violations
of the law. Once lands have been reclaimed a fair market value lien is
then placed on the properties.

The constraint to developing further strip mine operations on reclaimed
lands would be the effect of the lien raising the price of surface lands
to a value which is not practical. Thus, in some regions of the industry,
coal reserves near the surface could possibly be lost.

On the other hand, unreclaimed surface mined areas trap precipitation
runoff which enters the connecting deep mines, and eventually exits as acid
mine drainage. By reclaiming the strip mined areas much of this precipita-
tion would be carried directly to the streams as runoff. The volume of
the deep mine pools, once denied their major water sources, should show
signs of stabilizing. The problem of dewatering in order to reach the
vast deep reserves should then be somewhat less complex and less costly.

Insofar as the Anthracite Region is concerned, substantial funds have
been dedicated to reclaim abandoned strip mines, extinguish mine and waste
bank fires, and correct subsidence under the 1968 Act.
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F.14 Pennsylvania Coal Refuse Disposal Control Act of 1968

The Act establishes that coal refuse disposal piles shall not be operated
In such a condition that would create hazards of health and safety to thie
public. All actively operated banks are to be rendered unsusceptible to
sliding, shifting, or burning. Under no condition will a bank be permitted
to pollute either air or water.

The Secretary of Environmental Resources has the right to inspect
and evaluate the condition of any active bank or parts of any bank being
actively worked. He has the authority to order changes of the bank's condi­
tion in order to alleviate hazards found.

In cases where deemed necessary by the Secretary and the courts, a
refuse bank operator may be given the right to acquire interests or lands for
refuse disposal under the Commonwealth1s "Eminent Domain Code".

It should be noted that this Act applies only to the actively worked
refuse banks or to parts of those banks which are active. The abandoned
disposal banks from past mining are not covered under the law.

F.15 Pennsylvania Air Pollution Control Act, 1968 (Amended 1972)

The Air Pollution Control Act gives the Pennsylvania Department of
Health powers to investigate and inspect places suspected of contaminating
the air; the power to regulate emissions and to place penalties on viola­
tions; and the power to develop a comprehensive plan for the control, abate­
ment. and prevention of any new air polluter. The Environmental Quality
Board is to have the powers and duties to adopt rules and regulations to
prevent and to abate air pollution.

The Act establishes Regional Air Pollution Control Associations and
defines their powers. All stationary air contclmination sources are required
to be licensed and approved by the state. Civil penalties have been es­
tablished for violations of the Act. The limits for sulphur dioxide stack
emissions set by the regulations must be less than 500 ppm by volume.

In 1971, Cornell University pUblished a report "A Critique of the New
EPA Emission Standards for New Stationary SourcE~sll. The new standard EPA
established for coal-fired power plants is 1.2 pounds S02 per million BTU's
input. By this standard, coal with 0.768 percent sulphur content or less
will not require emission controls for S02' Anthracite coal usually is
determined to have a lesser sulphur content than this amount, thus. with
respect to the 502 stack emissions problem. anthracite will generally be
an acceptable fuel.

II - 78



130

CHAPTER I I I ~ SUMMARY

MARKETS ~ PRESENT AND FUTURE

A. TRADITIONAL MARKETS

First uses of anthracite were smelting, distilling, foundries and space
heating. Power generation,beneficiatingand chemical processes are also
important uses. Its advantages include location, high fixed carbon quality,
long-continued and smokeless combustion, and lower sulphl,lr content. Some
disadvantages are: particulate and ash removal and the higher costs of an­
thracite utility plants.

Because of these disadvantages and inherent combustion problems, utilities
have converted from anthracite to bituminous or oil and natural gas. Since
only two firms continue to manufacture custom built traveling grate anthra­
cite stokers, .at prohibitively high costs, the installation of less costly
bituminous coal burning equipment is encouraged. Solutions must be found
to these problems before anthracite can recapture significant portions of
the utility market.

If the industrydecline continues, it will eventually disappear. How-
ever, the world energy situation causes anthracite to be considered a valu-
able resource. The Consultant1s estimates, developed through interviews,
res,ult in a total use of about 17 million tons annually by the year 2000.
Utilities would be the biggest user. Chemical, iron and steel and
coke foundries and processing industries are other important future users.
The retai 1 market should stabi 1ize but ata lower level of use. The
really volatile end use is the export market which could show considerable
growth due to world fuel shortages.

Conti nqation Qftodayl s hi gh prices, well above costs ,<cou 1d, however,
have serious long term implications ... ToomanY.industrlal consumers are
discouraged by these high prices and supply interruptions, so some future
markets maybe]ost.

Pennsylya.nJaPower &1 ight, NewYorkState/Ele.ctri c and Gas. andUni ted
Gas ImprovementCorporatJon are theonlyutJli tlesconsuming anthracite
today. Because.ofthe ir locat ion. and familiarlty with anthracite, these
firms could be large potential users .. NewYorkStateElectric and Gas
coul d, in fact, .. use consi derably more/anthracite at the present time. Thei r
capacity is 600,000. tons, yet they use only 50,000 tons because of unavailable
supplies.

. ..,..

To be competitive in theutil ityrnarketthelongterm price ofanthra­
cite cannot exceed the delivered price of bituminous plus the cost of
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sulphur dioxide control. The extra cost of anthracite plants over bitu­
minous must also be considered.

Industrial demands should also be substantial in the future. The
chemical, iron and steel, coke, and processing industries are all attracted
to anthracite's high carbon content. Some industrial uses are virtually
assured markets because of existing processes and the demand for carbon.

The traditional market .. home heating - has declined more than any
other use. In the immediate Anthracite Region, this market should, how-
ever, stabi 1ize, but at less consumption than today.

The export market is>presentlyabout 16 percent of current consumpt ion.
This end use has excellent potential because of world energy shortages.

B. CONVERSION

A future use that may be triggered by scarcities of natural gas is the
conversion of anthracite coal to low-BTU gas. The process already exists,
is in use, and widespread adoption could alleviate natural gas dependence
for the numerous small and medium sized processing firms in Pennsylvania
and the Eastern United States.

Gasification is the partial combustion of carbonaceous fuel so that
much of the fuel heat content ·is retained by the gasses formed and is
available for later release when burned in other processes.

The large number of processing industries in P~nnsylvania and the loca­
tion in Pennsylvania of anthracite coal would indicate a potentially sub­
stantial demand for anthracite fOr low-BTU gas generation. With certain
adjustments, a low-BTU gasifier can be constructed on-site utilizing the
substantial investment in present gas equipment.

It is estimated .that curta.ilments of natural gas may result in the
unemployment of some 800,000 workers in the Mid AtlanticRegion, not includ­
ing the interaction of the cost and layoffs in other areas. Conversion
to other SOurces of fuel could also increase the cost to the process industries
by three to four times present fuel costs. Thus, rapid adoption and retrofit
of fixed bed gasifiers by these industries would have great benefits to
government (unemployment costs), industry and the jobless.

There are four types of gasifiers -

Fixed bed
Fluidized bed
Entrained
Immersion (conceptual stage only)



Second generation gasifiers - including most fluidized bed and entrained
processes- will not be available commercially until about 1985. Although
there is great potent ial for converting coal to low-BTU gas, present deve lop­
ment te'chnologyis directed towards advanced low-BTU gasifiers for utilities
and high-BTU pipeline gas or substitute natural gas.

The fixed bed process offers an immediate solution because it is avail-
able today. Anthracite is high in fixed carbon, produces no chars or tars,
and is therefol"'e an ideal fuel for the fixed bed producer of low-BTU indus­
tria 19as.

So~e commercially available gasifiers are as follows:

- Wellman-Galusha Gasifier developed in the 1940's. This has and
could continue to play an ever increasing vital role in the
processing industries.

~iley-Morgan low-BTU Gasifier is another fixed-bed gasifier with less
popu lar i ty.

- Koppers-Totzek Gasifier is a pressurized entrained process. None
are used in the United States but they have potential for anthracite
usage.

- Ignifluid Units wel"'e developed in 1915. Although technically not a
gasifier it could be developed as a gasifier. It can burn coal
refuse containing as much as 40 percent ash; hence, there is great
potential for use of the vast amounts of coal refuse in the Anthra­
cite Region.

Anthracite coal is adaptable to coal conversion as follows:

1. Fixed-bed gasifier for the process industries, such as brick
making, glass making, metals, etc.

2. Ignifluid process using coal refuse material for power generation
and, with R & D,gasification for the process industries.
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3. Koppers-Totzek unit for production of methanol and power generation.

In ':general neither industry or government have turned to on-site fixed-
bed g<;ls fgeneration>. There are two major misconceptions about low-BTU gas :

10 ,. Low-BTU gas at 150 BTU!SCF is greatly inferior to natural gas at
1,000I.~TiY!SCF. False .... Itis the CQmbustiongasses that are important.
Due tRtlhe d i fferent., amounts of air required to form the combustion gasses
the fl,qm:r temperature of (producer) combustion ga.s .is about 3200 degrees F
and thati of (natural) combustion gas is about 3800 degrees F. Expressed
in another way, the ratio of heat values is about 80 percent.



2. Since existing low-BTU gas producer units produce relatively low
hourly outputs, i.e. 25,000,000 to 75,000,000 BTU/hour, they cannot be
considered for high volume users. False. If space is not a problem it
would seem that cost per BTU produced would be the determining factor rather
than the overall size and number of pieces of equipment.

Government could assist as follows:

1. Determine through a study how retrofit can be more expeditiously
accomplished by the process industries.

2. Allocate funds for improvements to fixed-bed gasifiers and conduct
studies on other types of fixed bed gasifiers which might be more efficient.

3. Assist in studies of the ignifluid process to scale-up this unit,
convert it to a gasifier,and to develop a gas generator such as 25 MI,.J for
use by small and medium sized industrial users.

4. Broaden the gasification program so that plants developed can Use
various types of coal and not just high sulphur bituminous coal.



CHAPTER II I

MARKETS - PRESENT AND FUTURE

A. TRADITIONAL MARKETS

The first commercial uses of anthracite coal were for melting brass,
iron making, distilling, space heating and brick making. Later on anthracite
became an important fuel in power generation, metal beneficiating and various
chemical processes. In addition to its favorable location near the eastern
metropolitan areas, anthracite coal has other advantages. It has a high
percentage of fixed carbon, providing long, continued combustion and emiting
no smoke. In addition, anthracite's low sulphur quality meets most environ7
mental specifications.

It also has some disadvantages as compared with bituminous coal. For
utility combustion, the longer burning time requires that a longer flame path
be designed in the boilers. This increases the capital costs of the utility
plant. Also in utility use, particulate matter removal is costly and
inefficient.

Although anthracite coal in certain geographic areas has a lower BTU
cost than either oil or natural gas, it does not share the convenience of
the other two fuels because of storage requirements and ash removal. Con­
sequently, its once vast space heating market in the eastern coastal states
and Canada has been lost to the oil and natural gas fuels. Its primary des­
tinations today are shown in Plate I 11-1.

The essential question in evaluating the future of the anthracite indus­
try is the determination as to whether or not markets exist for the resource.
Table 1-10 dramatically documents the decline of the industry with reference
to each of the individual consumer categories. It is apparent that perpetua­
tion of these trends would result, in a relatively short period of time, in the
near collapse of the industry. There is, however, evidence to indicate that
these trends will not continue, and in fact there is good reason to suggest
that the demand for anthracite coal has begun to pick up.

For example, industry officials have repeatedly noted that demand for
anthracite has, at least for the past five years, exceeded the available
supply by about 20 to 30 percent. Obviously the incentive to expand supply,
or perhaps more accurately arrest attrition, has not been sufficient to
overcome the risk and uncertainties that have long plagued the industry.
The untimely loss, in May 1974, of the Blue Coal Company's operations (1973
production equal to 460,000 tons) aggravated an already difficult supply
situation just prior to present excessive price levels.
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The rapidly deteriorating world energy situation, a phenomena that
drastically alters the relative attractiveness of energy resources, is in
itself cause to reflect on the future use of anthracite. Whereas the expan­
sion of the anthracite industry was recently considered remote, present day
circumstances warrant a full investigation of the potential 17 billion ton
domestic energy resource. Therefore, recognizing the uncertainties pres­
ently confusing the energy market, we have attempted to identify and analyze
potential users of anthracite coal and to estimate their future consumption.

As described in the Preface (and as listed in the Appendix) the estimate
of potential anthracite consumption was developed through surveys of present
and potential users of the product. Surveys encourage a full review of a
potential user's demand limitations, the advantages/disadvantages of the prod­
uct relative to all of the substitutes and the requisite technological and
economic parameters that must be met to improve the attractiveness of the
product to a potential consumer. This essentially was achieved through the
interviews. The results, we feel, are encouraging for reversing the down­
ward slide of the industry.

A.l Combustion of Anthracite Coal

No analysis of potential markets is complete without a discussion on
the combustion characteristics of anthracite.

During the early development of the steam boiler the production of
steam was the paramount concern, without much thought being given to the type
of fuel used or the efficiency obtained. During the Ilhand firing" period
of coal burning, anthracite coal was marketed by name and size as described
in Chapter II.

The larger sizes of anthracite were used for home and small commercial
installations where natural draft was provided by the building1s chimney.
The coal was fired evenly, in small quantities, and at frequent intervals.
The fire was never disturbed with a poker or other firing tool.

The invention of the incandescent lamp resulted in the birth and
development of the electric industry. Some of the larger cities built
central stations for the generation of electricity using many hand-fired
steam boilers of very low output, in pounds per hour, and steam engine
driven generators.

As the demand for electricity increased in the early years of the
twentieth century, central plants were installing the newly-developed steam
turbine for electrical power generation. The development of steam plants
of much higher output sometimes required excessive numbers of boilers. This
period established that it was not economically feasible or practical to
hand fire boilers with steam output above 2000 pounds per hour.
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The development of the mechanical stoker to feed coal uniformly onto
a grate and to remove ash from the furnace resulted in a high rate of com-
bustion. Larger boilers were designed with greater furnace volume and
total output.

The travel ing grate stoker was introduced to burn the smaller sizes of
low volatile anthracite coal, down to and including Buckwheat No.3 and No.4.
This stoker was designed and manufactured in the anthracite coal field.

t'lany of the anthracite burning-travel ing grate stokers are sti II in
service in many industries and state institutions along the east coast of
the United States.

Because of the comparatively limited capacity of the anthracite stoker
and the increasing size of anthracite boiler units, the users have converted,
in more recent years, to pulverized bituminous coal, which is easier to
grind and is available in large quantities. Disadvantages of burning bitu-
minous coal are the fines discharged from the boiler stack along with sulphur
dioxide and nitrous oxide. Nevertheless, the electrical util ities and
the cement industry today use in excess of 40 percent of the total annual
consumption of bituminous coal.

The Combustion Engineering Company and the Riley Company are the only
firms continuing to manufacture custom built travel ing grate anthracite
stokers. However, for a new custom built installation, of medium size
(below the maximum capabil ities of the unit of 400,000 pounds per hour),
the cost is prohibitive as compared with the installation of equipment
to pulverize and burn bituminous coal. Furnace design for anthracite
stoker firing is more costly because of the necessity for the front and
rear refractory arches to maintain ignition of the fuel bed, thereby length­
ening the residence time.

Costly precipitators and/or "bag houses" are a mandatory part of an
anthracite coal burning installation, because of the high rate of fly-ash
emission that is an inherent characteristic. Gas and oil firing (except
No.6 oil which contains higher sulphur and ash) have little or no pollutants
in the exit stack gas.

The advent of the small residential and commercial type anthracite
stoker in large numbers between World War I and World War I I was a welcome
transition to automatic coal firing and a reI ief from I'shovel ing" coal. How-
ever, the decreasing quality of the coal and the inconvenience of ash removal
caused a decline in the home heating market from 80 mil lion tons in 1917 to
two million tons in 1973.

Large commercial, institutional and small industrial installations were
also confronted with the multipl icity of problems such as federal and state
air quality regulations, poor grade of coal, difficulty in procuring required
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quantities and price. They, too, converted to the cheaper, less pollutant
and more convenient gas and oil fuels.

Those electric utilities burning fossil fuels in the anthracite coal
region of Pennsylvania are, with noted exception, burning gas, oil or pulver­
ized bituminous coal. The difficulties experienced by several utility com­
panies in pulverizing and firing anthracite coal are not conducive to using
the higher priced anthracite coal. The exceptional utilities that are burn­
ing anthracite are using the less expensive refuse material.

A.2 Comparison of Fuel Prices

A discussion of fuel prices is also warranted in this Chapter. Anthra­
cite coal prices have normally been higher than bituminous prices because of
more costly extraction and processing methods. In addition there is no
standard pricing structure for the various sizes of anthracite coal.

Anthracite coal is prepared in various sizes with prices varying rela-
tive to the demand and availability of each size. Generally, the larger
sizes, such as, egg, stove, and nut are higher priced than the corresponding
smaller sizes including rice, buckwheat and barley. Examples of these price
variations, per ton f.o.b. mine, were obtained from a coal company and are:

Egg, Stove Buckwheat
and Nut Pea and Rice Barl ey

1970 $18.00 $16.00 $16.00 $13.25
1972 $17.00 $16.00 $16.00 $13 .25
1974 $42.50 $37.50 $37.50 $30.00

The price differential between the large and smaller sizes appears to
be based on the availability of sizes from the preparation plant and on the
bulk sales of the smaller sizes. Correspondingly, this disparity in prices
suggests that the burden of carrying the more expensive anthracite operations
is borne by the larger sizes, thus enabling the smaller sizes to compete
with other fuels. 1

It appears that the multitude of anthracite sizes are not necessary
for present or future markets. If the industry were to reduce the number
of sizes these price differentials would tend to be eliminated and the
remaining sizes would more properly reflect extraction and processing costs.

IGeorge F. Deasy and Phyllis R. Griess, "Fuel Competition in Pennsyl­
vania's Electric Generating Industry", Topographic and Geologic Survey
Bulletin M44, Pennsylvania Department of Internal Affairs, 1961, p.34.
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The average value of bituminous coal, f.o.b. mine was $6.26 and $7.07
in 1970 and 1972 respectively. These prices are substantially less than
those for anthracite as shown in the earlier example. However, in recent
years bituminous coal price increases have exceeded the increases in the
price of anthracite. The past years l pricing patterns are not necessarily
Indicative of long term trends, as the world energy shortage radically
affected the availabil ity and price of all energy fuels. The relatively
larger price increases in bituminous as compared to anthracite improves the
competitive position of anthracite coal. It should also be pointed out
that the shift away from deep mining and the greater production of lower
cost strip coal and culm bank coal dampens the upward increase in the price
of anthracite. This trend should continue for the foreseeable future
because of the 20 - 30 year availability of strlppable anthracite.

In contrast, until this past year anthracite price increases far out­
distanced the more stable 011 and natural gas fuels. However, the exper­
ience during the past year and the expected upward continuation of oil and
natural gas prices could significantly alter the relative prices of these
fuels as compared to anthracite coal, thus tending to put anthracite in a
competitive position once again.

A.3 Results of the Interviews

A.3.a OVerall Indications

The outcome of the considerable number of interviews uncovered under­
standable concern for the future availability of energy fuels, the environ­
mental Impl icatlon of energy use and the relative economic attractiveness
of alternative energy resources. Translated, this concern on the part of
potential consumers presages in general a renewed interest, not only in the
future use of anthracite coal, but In broader terms a re-evaluation of the
users l demand for all energy sources. From the perspective of the anthra-
cite industry this re-evaluation is an encouraging movement, even if a posi-
tive outcome is not yet assured. It is worth reiterating, at this point,
that the industry faces, and will continue to be faced, with major production
and consumption constraints. Some of these constraints will have to be over-
come if anthracite is to playa major role as an energy fuel.

Yet, given a substantial growth in anthracite consumption, the incen­
tive to solve these problems will be forthcoming, and a substantial growth
in anthracite consumption appears possible. Table I I 1-1, Anthracite
Usage, 1974-2000, reproduces the results of the interviews and the Consult-
antis estimate of potential use. By the end of the century, an estimated
17 mill ion tons of anthracite coal annually could be used. This tonnage
is approximately two and one-half times greater than current production.
This estimate is considered to be relatively conservative; recognizing
in part the massive water problem and other production constraints while
at the same time sensing (but unable to fully appreciate at this time) the
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nation's increasing dependence upon domestic fuels and the permanent higher
cost of all fuels. The latter two factors could encourage a moderate revi-
talization of the anthracite industry. Plate 111-2 shows the anticipated
pattern of growth between the present and 1990.

It must be observed that predictions for growth have not been carried
beyond 2000. This limit recognizes not only that projections of over a
quarter century are tenuous in virtually every field, but also recognizes
that the growth of the nuclear generation of electricity - not to mention
other forms of energy generation - could well restrict any further growth
in the use of anthracite beyond that date. Where reserves are discussed
in other Chapters, the rate of anthracite mining is assumed as a constant
17 million tons beyond 2000.

The estimated reserves are more than sufficient to meet the potential
consumption, as is discussed in the next Chapter. At the necessary level
of production, these reserves can be extracted without resorting to excess­
ively deep mining.

From the interviews it appears that the bulk of expanded anthracite
production would be used in power generation. About 66 percent of the
year 2000 total estimated consumption is accounted for by the utilities.
Industrial use accounts for the next largest demand, with the chemical,
the iron, steel and coke, and the non-ferrous metallurgical groups all
having significant needs. Because of cost advantages in the immediate
Anthracite Region, the retail market, once the mainstay of the industry,
will probably stabilize, but at a sl ightly lower level of consumption.

The export market is extremely volatile in terms of distribution to
specific countries, but overall this market has been shown to be stable.
It is a good probability that the export market could expand substantially
in the next two and a half decades and therefore have a greater impact than
at present envisioned. A comparison of estimated and present distributions
of anthracite coal are shown in Plate I I 1-3.

The interviews of possible users pointed to two factors which will have
particular consequences on the future markets. These are price and assured
availabil ity. As noted in the previous section, because of the difficulties
associated with the extraction of anthracite coal, the price of anthracite
is normally higher than the bituminous price. Current prices for both coals
are considerably higher than costs because of the strong demand for coal
and the apparent coal shortage. At this time, the anthracite industry
should be attempting to offer an attractive price, foregoing the understand-
able desire to reap excess profits. As is noted in the following text,
many current and potential consumers are being forced to look for alternative
fuels because the anthracite coal price has been allowed to increase exces-
sively. This situation could have a significant dampening effect on the
long term growth for anthracite production as potential consumers seek replace­
ments elsewhere.

I I I - 8
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DISTRI BUTION OF ANTHRACITE COAL
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Long term available supplies is a particular, but not unique, concern
of the utility anthracite consumer. It appears as though the consumer and
producer both are desirous of establishing long term contracts. The indus­
try should, therefore, make every effort to develop contractural arrangements
but in doing so they must show their ability to maintain reasonable prices.
The establishment of long term contracts would reduce the impact on both pro­
ducers and consumer of rapidly changing spot prices as well as reduce the
seasonal and cyclical fluctuations that have negated assurances of financial
assistance. Market stability must be established if the industry is to
expand.

Utilities

Only 15 years have passed since a study conducted for the Topographic
and Geologic Survey concluded that '~here appears to be little opportunity
for Pennsylvania bituminous coal producers to expand their market into the
area where low cost anthracite is now entrenched (primarily the Anthracite
Region). Such large discrepancies in the delivery cost of the two fuels
exist there that a shift to bituminous coal is inconceivable" . 1 The incon­
ceivable has occurred in the utility market in the Anthracite Region because
the delivered cost of anthracite coal has risen sharply, and because the
necessary volumes did not appear to be available.

Today there are three utilities using anthracite coal; Pennsylvania
Power & Light Company (P. P. & L.), New York State Electric and Gas Company,
and United Gas Improvement Corporation (U.G.I.). All three uti1 ities are
consuming anthracite from their own limited-life culm banks, supplemented with
Buckwheat No.5 coal. U.G.I. IS anthracite burning plant was built in 1957
to 1959, while the anthracite burning plants of both P. P. & L. and New York
State Electric and Gas are their oldest. These conditions, the limited
supply of culm and the older generating plants, suggest a further decline
in the util ities' use of anthracite sometime in the late 1980·s or early
1990·5.

However, there is a significant part of the anthracite burning capacity
that is being lost to bituminous coal. New York State Electric and Gas,
with current combined capacity capable of burning 600,000 tons of anthracite
coal annually, is using only 50,000 tons of anthracite coal because of its
unavailability. Their near future plans anticipate an additional plant
that, if supplies are available, could use considerably more anthracite.

To retain and recapture the utility market, the same factors apply as
were presented in the study by the Pierce Management Corporation, that is,
consideration of: the relative prices of alternative energy sources, the

lOeasy and Griess, op. cit., p.44.

III - 11



1[5

availability of these energy sources for the life of a generating plant,
freight rates, and capital and operating costs, including a reasonable return
on investment. l A more recent addition to this list are the costs associated
with meeting environmental standards (additions to capital and operating
costs). Finally, a solution must be found to the problems associated with
the combustion of anthracite. During the interviews, each of these and
other factors were discussed in substantial detail.

In the fall of 1974, coal prices were in the range of $0.60 to $1.10 per
mil lion BTU, f.o.b. mine. In this range, anthracite is competitive with
bituminous. Also during the fall, oil and natural gas priced close to $2.00
per million BTU. Although these prices are sure to change, and perhaps
decline, anthracite can continue to compete geographically as long as the
fall in price is not substantial. To be competitive in the utility market,
the long run price of anthracite cannot exceed the del ivered price of bitu­
minous coal plus the cost of sulphur dioxide c6ntrol. The additional cost
of anthracite plants over bituminous also has to be taken into account.
Stated as an algebraic illustration:

Where:

+ +

=

=

=

Price of Anthracite
Price of Bituminous
Excess of Bituminous Over Anthracite Freight Rate
Cost of Sulphur Control in Bituminous Coal
Excess Cost of Anthracite Boilers over Bituminous

Counterparts

Because of their location in or near the anthracite fields, the util j­

ties currently consuming anthracite coal would appear to have the greatest
potential demand for anthracite. Further, on the basis of the generating
plant expansions planned, or expected to come on line in the 1990's, it is
likely that anthracite use could be greatly expanded. Although, as has been
indicated to us by various utility companies, electric power growth rates
are expected to diminish slightly, additional plant capacity will be needed
by the year 2000.

l'IAnthracite Industry Survey, l'1ining Methods - Research - Prepclration l
',

Pierce Management Corporation, Pennsylvania Department of Mines and Mineral
Industries, Project No.eR-68, 1967, p.49.
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Based on interest expressed during the interviews, their experience with
anthracite coal and their location, the following utilities would appear to
offer the greatest potential for the future use of anthracite:

New York State Electric and Gas Company
Pennsylvania Power & Light Company
Metropolitan Edison Company
Pennsylvania Electric Company
Philadelphia Electric Company

Two other utilities with locational advantages, United Gas Improvement
Corporation and Pottsville Gas Company, would also consider anthracite
as an energy source if the gasification process proves feasible. As dis­
cussed later in this Chapter, U.G.I. Corporation may use anthracite in the
coal to methanol process.

The utility companies, however, would have to be assured of the long
term availabil ity of anthracite, at an attractive price, prior to building
an anthracite coal-fired boiler. In the past, utility companies have been
discouraged from using anthracite coal because of doubts concerning the coal·s
long-term availability. Since power plants are designed for a specific
energy fuel, conversion is both costly and impractical. While limited blend­
ing of other fuels is possible, and generally practical, nevertheless, the
specified fuel must be supplied for the 1ife of the generating plant. To
assure that suppl ies were adequate both P. P. & L. and U.G.I. designed their
present anthracite generating plants to burn culm material which they acquired
by purchasing complete culm banks. This material is also considerably
cheaper than fresh mined anthracite.

The general response to our questions from utility companies not favor­
ing anthracite was that: anthracite was not compatible with their present
equipment because of its hardness and inherently low volatility. The state­
of-the art of anthracite coal combustion is not as advanced as bituminous
coal combustion.

There are, however, significant advantages to a util ity situated in
or near the anthracite region in using anthracite coal. Transportation
costs, for one, would be minimized or eliminated with a mine mouth operation,
and two, anthracite coal is generally at or below the required 0.7 percent
sulphur level which would preclude both the capital and operational costs of
sulphur dioxide controls generally necessary with the higher sulphur bitumin-
ous coal. In other words, the equation on the previous page would tend to
favor the use of anthracite coal unless the price of anthracite greatly
exceeded the price of bituminous. At present both coals are priced at
or near historic highs.

A number of utilities that are now dependent on oil as an energy source,
and whose plans call for additional oil-fired capacity, may indeed have
cause to reconsider. Although it is obviously very difficult to say with
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any degree of certainty what the long term price of oil will be, one can
presume that oil prices will remain high and at least partially subject
to foreign manipulation. If so, coal's attractiveness will be enhanced.

The Energy Supply and Environmental Coordination Act of 1974 further
en chances the attractiveness of coal. In essence this law prohibits utilities
from burning fuel oil or natural gas if they have the capability to burn coal.

The ultimate question, then, for this particular market remains: Can
the anthracite industry assure upwards of 75 million tons per generating
unit over a life span of thirty to forty years?

A.3.c Industrial Use

Thomas W. Hunter, Bureau of Mines Industry Economist, in a 1970 study,
projected the year 2000 demand for anthracite coal from industrial users at
about 2.8 million tons. 1 Our surveys of industrial users now show that this
market would approximate 3.8 million tons by the year 2000.

On many occasions the Consultant has been told that the industrial mar­
kets, specifically chemicals, steel, and titanium and aluminum processors,
are the future of the anthracite industry. Many industrial users are re­
examining anthracite in their search for "carbonll in their processe~;. This
may well be the case, but even so it does not appear, from our investigations,
that industrial uses alone will 'Irevita1ize'l the anthracite industry. Never­
theless, the Consultant recognizes that anthracite has the potential for
capturing a significantly large share of the 80 mill ion ton per year coke
market. This eventuality bears watching as it would, in fact, substantially
inflate the industrial use market.

1. Chemical Uses

The industrial carbon market does have excellent long term growth
potential. The chemical industry is a stable and essentially a guaran-
teed market. The high fixed carbon quality of anthracite is generally
preferred over cok i ng coa 1 in the soda ash process and in the manufacture
of electrodes. Anthracite coal is also used by chemical firms as
a blend in the manufacture of foundry coke.

However, anthracite coal operators should not be complacent. With
the current confused market condition, the chemical industry has been
paying extremely high prices in order to assure supplies of anthracite
coal. On occasion, these companies have additionally had to find

IThomas W. Hunter, l'Anthracite 'l , Mineral Facts and Problems, U" S.
Bureau of Mines, Bulletin 650, 1970, p~--
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their own rail cars for transporting the coal from the breaker to
the plant.

More than one chemical firm has expressed concern over the current
anthracite price. Wyandotte Chemical, Detroit has been paying around
$69 for a ton of delivered anthracite coal. Although they prefer the
qualities of Pennsylvania anthracite for the manufacture of soda ash,
the high price of anthracite coal has forced them to consider instead
the semi-anthracite from Alberta, Canada. The savings to Wyandotte
would amount to approximately $10 per ton.

Unless the price of anthracite coal becomes too high, a point
perhaps already approached, the chemical industry should remain a strong
and steady consumer of this resource. Excessive profits as a short­
run expedient would be self-destructive to the industry.

2. Iron, Steel and Coke Uses

The iron, steel and coke industries are another strong and poten­
tially expanding market for the use of anthracite. A favorable indi­
cator of the future use of anthracite coal in this industrial use was
exhibited recently with the purchase of the Greenwood Stripping properties
by Bethlehem Steel Corporation. This particular anthracite stripping
operation is capable of producing a minimum of 400,000 tons per year,
with a potential maximum of about 600,000 tons per year. This is
the only integrated unit existing in the anthracite industry. In
the bituminous industry the "captive mine" is commonplace, and includes
companies such as Bethlehem Steel, United States Steel, Pennsylvania
Power & Light, and other large coal consumers.

Bethlehem Steel has, and does, use anthracite in sizes ranging
from anthrafines to stove size or coarser in their sintering process
(their largest use), the manufacture of coke, and as a charge in the
blast furnace. The actual distribution of all three of these uses
is dependent in any particular point in time on the relative costs
of coke and anthracite. Bethlehem Steel consumes approximately the
same anthracite tonnage as the current production from the newly acquired
property.

Industry officials and users alike are optimistic about the poten­
tial of anthracite coal in st~el making. The competition for low
sulphur bituminous coal among the util ities, foreign users and steel
manufacturers has caused a shortage in metallurgical coal. As a result,
steel firms have increased their use of anthracite in the coking process.

The steel companies' effort to maintain a high carbon injection
in the blast furnace has also expanded the use of anthracite. It
appears that the units of carbon in coke have been declining, and
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therefore the industry is mixing greater proportions of high carbon
anthracite coal with the coking coal.

Again, the high fixed carbon qual ity of anthracite coal, specifi­
cally the fines, makes it an attractive fuel for the sintering of ores
in the steel industry. Anthracite fines and coke breeze can be inter­
changed in the sintering process, and their use is dependent upon their
relative availability and prices.

Although the steel plants in close proximity to the Anthracite
Region offer the greatest potential market for anthracite coals, it
is also apparent that there is a potentially significant iron and
steel market further removed from the region, despite additional trans­
portation costs. The geographical expansion of this market is, as
noted above, due to the shortage of coking coal, and the high fixed
carbon qualities of anthracite coal.

However, a further note of caution was expressed in the interviews.
The iron and steel and coke consumer faces the same situation as the
chemical industry. That is, whi Ie they are in the market to consume
a greater quantity of anthracite coal, today's prices and anthracite's
scarcity are causing these concerns to consider alternatives. A poten­
tially large anthracite-consuming western Pennsylvania steel company has
reported that because of "ou t of line" prices and unreliable deliveries
they have ceased using anthracite. This is unfortunate since the
expected continued shortage of coking coal provides an excellent oppor­
tunity for further anthracite expansion.

3. Cement Uses

Cement plants were, in the recent past, a consistent conSIJmer of
anthracite coal. However, today this market has virtually disappeared.
The principal disadvantage of using anthracite coal in this market is
its hardness which makes it difficult and costly to grind.

Silt or dredge material of about one-quarter inch to dust size
has been used by the cement industry with a bituminous mix. Separate
storage facilities, however, are required. In some instances it is
felt that the cement industry could make more extensive use of silt or
dredge anthracite coal, but its use is limited by its higher ash content
and the relatively favorable price and availabil ity of bituminous coal.

4. Non-ferrous Metallurgical Uses

Quebec Iron and Titanium Company, Sorrel, Quebec Province, is
the largest industrial user of anthracite coal. Beginning in the
mid-fifties, consuming about 80,000 tons of anthracite coal annually,
their demand has multiplied and in 1975 should be about 400,000 tons.
Within the next ten years Quebec Titanium plans to be consuming 800,000
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tons annually. Their requirements are: high carbon, low ash and
sulphur, and low vo1atil ity. These are ideal specifications for anthra­
cite coal. Because of their reduction process, the company is virtually
an assured consumer of anthracite coal, and of course, at this time, a
very substantial pillar in maintaining the anthracite industry. High
prices and supply interruptions are, however, problems for this user as
well. They have recently been considering the use of coal from Alberta
and South Africa if the price of anthracite continues to rise.

The New Jersey Zinc Company is another large consumer of anthra­
cite coal. As with many of today1s users, New Jersey Zinc uses pri­
marily culm bank anthracite mixed with smaller quantities of Buckwheat
No.4 or No.5. Their most pressing and immediate concern is with
a drastic reduction in their natural gas supplies. The impact from
the cutbacks of natural gas may be a further stimulation to the anthra-
cite industry with the availability of the fixed bed gasifier. More
is said on this subject in the next section.

In summary, the industrial processing industries, such as copper,
zinc, aluminum and titanium reduction are appreciable consumers of
anthracite in their various reduction techniques. The market is stable,
particularJy because such a large majority of anthracite is used by
Quebec Iron and Titanium, and is expected to experience additional
expansion. Anthracite coal, being a natural source of carbon, is
attractive to both the ferrous and non-ferrous metallurgical firms
and the chemical industries because of the importance of carbon as
an industrial material.

150

A.3.d Retail - Commercial, Institutional and Home Heating

The retail market has traditionally been the major user of anthracite
coal. Anthracite1s clean burning and smokeless qualities were once favored
by home heaters and commercial establishments alike. Over the years retail
use has been faced with stiff competition from the natural gas and oil
industry, primarily because of convenience to the consumer. Although this
market has experienced the greatest decline, it still remains as today's
largest market. However, this is not expected to continue.

The high prices discussed in previous industrial uses have also shaken
the confidence of retail consumers. When Blue Coal's production was lost,
prices in the retail market in the Northern Field soared to $64.00 per ton.
Rapid price increases have, of course, very real social implications, espe­
ciallyas it affects the older segment of the population on fixed incomes.

The retail market should continue to experience further decline, but
in the immediate anthracite area, where retail use of anthracite coal is
greatest and a cost advantage is obtained over oil and gas, the home heating
and commercial market should stabilize. Institutional uses outside the
Anthracite Region may, in fact, increase slightly because of air pollution

III - 17



i k. "1
J ... "'.o-} ~L.

regulations in some of the larger cities and the uncertain future of natural
gas and oil supplies.

Federal and State Governments could further stimulate the use of
anthracite coal by reversing the movement toward oil and gas, and converting
back to coal at the numerous governmental institutions and installations in
Pennsylvania. Thus, minimal action on the part of the Government would
greatly assist the anthracite industry by stabilizing the allocation of
energy fuel and reducing the dependence on energy imports.

Exports - Other Than Canada

The export market has been quite stable over the years, hovering around
15 percent of all anthracite consumed. Table I I 1-2 shows the various
export destinations for anthracite coal.

It would appear that the export market for anthracite coal has excellent
growth possibil ities. The Consultant has been informed on numerous occasions
of the interest in anthracite coal expressed on the part of potential foreign
consumers. This information, which cannot be substantiated or quantified in
order to make reasonable estimates, nevertheless indicates favorable condi­
tions for expansion of Pennsylvania anthracite coal in the world market.
The effect of the world oil situation calls for a re-evaluation of traditional
fuel sources as some countries, particularly Japan, are confronted ~lith econ­
omic strangulation. Industrialization of many lesser developed countries,
including the capital-rich oil producing countries, means additional demands
on all energy fuels. Although world wide supplies of anthracite coal are
extensive, a rapidly growing demand could increase the exports of Pennsylvania
anthracite to the rest of the world.

The response to a query by the Consultant of future shipments of anthra­
cite coal to selective countries did not elicit any concrete intentions, thus,
while appreciating the potential expansion of anthracite exports, the Con­
sultant's estimate shows future demand at about current levels of consumption.

The shipments of anthracite to U. S. military forces, technically not
an export, will probably continue at, or near, 500,000 tons annually.
These shipments, which were begun by the Congress to stabilize the anthracite
industry, would probably be curtailed if anthracite sales on the open market
increased appreciably. Therefore, the estimated year 2000 demand does not
include shipments to the armed forces.

A.4 Summary of Market Analysis Findings

As a result of the interviews and other sources of information reviewed
by the Consultant it is clear that revitalization of the anthracite industry
is dependent on the utilities. While the growth prospects of the industrial
users of anthracite are anticipated to be favorable, it is the utilities which
consume such large quantities of coal that would, if they chose anthracite
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TABLE 111-2

U. S. EXPORTS OF ANTHRACITEI

World
Selected Years 1960-1972

Countries 1960 1965 1970 1971 1972 1973

NORTH AMERICA
Canada 1,204,414 642,657 438,000 466,039 500,306 477,692
Cuba 25,315
Mexico 1,879 8,921 5,000 4,316 6,903 8,303

Total 1,231,608 651,578 443,000 470,355 507,209 485,995
SOUTH AMERICA

Argentina 16 5,084 2,000 4,006 2,721 2,216
Brazi I 18,175 2,089 1,000 3,947 3,496 2,475
Chi 1e 397 1,000 905 4,288 4,712
Colombia 429 358 893 512
Paraguay 6
Peru 6,000 8
Surinam 1,983 1,000 254 263 250
Uruguay 497
Venezuela 29 9,596 16,000 2,967 13,894 26,796

Tota I 18,723 19,578 27,000 12,437 25,555 36,969
EUROPE

Belgium-Luxembourg 10,328 30,816
Finland 320 532
France 62,362 29,883 229,000 101,330 154,918 105,511
Germany, West 92 8,000 26,248 28
Ireland 2,000
Ita ly 53,180 39,093 61,000 229 32,463 28,008
Netherlands 51,830 3,040 1,000 1,469 8 39,221
Spain 29,105 30
Sweden 46 9,240 9,604
Un i ted Kingdom 1,277 1,000 22 90
Yugoslavia 33,891 10,987

Total 177 ,700 133,506 302,000 163,555 207,616 I 183,024
I

ASIA I
India 1,068 5,110 500 278 ! 4,257
Indonesia 31 913 653
Iran 954 55 122
Israe I 20 168
Japan 10,543
Korea 190 260
Philippines 29 818 1,000 1,042 662 1,213
Saudi Arabia 6
Singapore 4,149
Taiwan 2,120
Viet Nam 11,169 30,185 11,000 2,713

Total 12,323 39,314 12,500 19,869 717 6,505
AUSTRALIA 46 4,991 4,000 3,976 1,477 2,373
OTHER 1,801 1,000 832 822 1,680

TOTAL 1,440,000 850,630 789,500 671,024 743,396 716,546
U.S.MILITARY Shipments

to Europe2 692,000 718,000 464,680 436,507

GRAND TOTAL 1,440,000 850,630 1,481,500 1,389,024 1,208,076 1,153,053

ITons

2U. S. Military shipment totals include tons consigned to West Germany and the Netherlands. Figures
for 1960 and 1965 not available.

Source: I. Minerals Yearbook, U. S. Bureau of Mines, Selected Years.

152

1974.
2. Mineral Industry Surveys, "Pennsylv;omia Anthracite Weekly", U. S. Bureau of Mines, March 29,

III - 19



coal, result in a viable anthracite industry. Recognizing this, our projec-
tions indicate that utilities situated in or close to the Anthracite Region
have the potential to consume about eleven mill ion tons per year of anthra­
cite by 1990.

Industrial users are attracted to the high carbon content of anthracite.
Consequently, this market is also important to the anthracite industry.
Investigations have been conducted to test various fossil fuel blends and
agglomerates which could result in greater industrial uses of anthracite.
About 22 percent or approximately 3.8 million tons of anthracite is projected
for the industrial market, including Canada.

Exports and retail trade projections were based on information collected
during the study and indications are favorable for growth in the export mar­
ket and an eventual lower, but stable, market in the local retail market.
Because of the greater uncertainties surrounding projections in either of
these markets, these estimates could be significantly altered. However,
since these markets are expected to comprise the smallest part of future
anthracite use, changes in either direction should not substantially alter
the overall estimate of approximately 17 million tons.

An ancillary demand could occur for other minerals found in refuse banks
and between coal seams. Germanium, I ithium, vanadium, uranium and, most
importantly, alumina are all found in refuse banks and there may, as well,
be significant tracings of these and other elements between the coal seams.
If so, these by-products of the mining and preparation process could prove to
be an additional stimulant to the overall extraction of anthracite coal.

A.S An Old Use Reconsidered - Conversion

The impending natural gas shortage can be crippl ing to numerous medium
and large size processing and manufacturing firms in Pennsylvania alone.
New Jersey Zinc, a substantial consumer of natural gas has experienced recent
cutbacks in its natural ~as allocation, causing the company to consider
closing its plant. An alternative supply of gas receiving a lot of atten­
tion recently is the manufacture of low-BTU gas from coal.

Manufactured gas is not a new process, in fact this form of gas was
extensively used in the early part of this century. Since then there have
been a number of improvements made in the gasifying equipment. The Wellman
Galusha gasifier is the best known and most widely used.

Widespread use of gasifiers would have a significant impact on the
anthracite industry. Since it is too soon to brave a guess on the develop­
ment of this alternative, it is not included in the Consultant's estimate of
future anthracite uses. However, it is recognized that the eventuality of gas-
ification would drastically alter these estimates by extending the industrial
market considerably. For this reason, then, the technical feasibility of gas-
ification was considered to be of sufficient value to be included in this report.
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B. ANTHRACITE COAL CONVERSION

B.1 Genera 1

The subjects of alternative fuels and coal conversion are receiving
much attention in the United States, particularly in the northeastern region
of the country. This results from many factors, including the recent oil
embargo, the consequent rapidly changing cost structures, and the diminishing
supp1 ies of proven domestic oil and natural gas.

The natural gas shortage in particular has been developing for quite
some time but is now becoming severe. It is estimated that the next five
years will see the situation reaching crisis proportions. It is reported 1

that the Mid-Atlantic Federal Regional Council (FRC) ordered a survey of
the impact of gas curtailments to interruptible customers by its Economic
Dislocation Task Force. They stated:

In many cases where blast furnaces, refractories or other industries
which use gas in the processing of raw materials, the effect was
expected to result in direct layoffs depending on the percentage of
gas withheld. In many cases, the conversion to other sources of
fuel could increase cost by three to four times. Just the impact
on half the known employment would have tremendous repercussions
on the region. The potential weighted reaction could reach some
800,000 employees. This does not take into account the interaction
of the cost and layoffs in other areas.

In Pennsylvania alone, gas utilities have imposed a 45 percent cutback
on industrial users, and statewide there is a total estimated 20 percent
cutback. Loss of jobs in the state is estimated at 15,000 in the indus-
tries involved with another 30,000 indirect losses, according to the Governor's
Energy Council. The situation is so critical that the Governor has pro­
claimed a "natural gas emergency!1 in the State of Pennsylvania.

In the Anthracite Region, one utility company increased its cut-backs
in natural gas supplies to 58 percent for 33 big industrial customers. 2
The lack of a Federal Energy Policy is involvyd hete also, but with the
Federal Government moving towards greater dependence on domestic coal and
less on foreign oil and gas, the problem of the process industries must be
faced squarely.

lWeekly Energy Report, Special Issue, February 4, 1975.

2Wa11 Street Journal, January 21, 1975.

III - 2 1



1 ~;~
L~~

Pennsylvania's energy distribution is: coal 39 percent, natural gas
and oil two percent, and imports from other states and overseas 59 percent.
This wealth of coal is either high in sulphur or high in ash, therefore,
in most uses there is a need to convert it to a clean fuel to burn without
environmental problems.

The subject of anthracite coal conversion, both past and present, mainly
concerns the gasification of anthracite. In general, gasification is the
partial combustion of carbonaceous fuel to the extent that much of the fuel
heat content remains in th~ gases to be released when the gases are later
burned by other processes. Gasification essentially includes in the proc-
ess coal, oxygen (in the form of air or oxygen) and steam.

At the present time no one is seriously considering the use of anthracite
in the coal liquefaction process (solvent conversion of solid to liquid form),
due to certain properties of anthracite in which other sol id fuels are
better suited. An exception might be the coal to methanol (a liquid) proc-
ess. However, as discussed later, this is really a gasification process
in which the low-BTU gas formed, cal led Synoogas, is converted in a second
step to methanol.

B.2 History of Gasification

The gasification of anthracite is not a new subject, but dates back
to the latter part of the last century. In this period it was very common
to convert anthracite to a low-BTU gas known as producer gas or town gas.
This gas had a heat value of approximately 540 BTU/SCF. 1 It was common
to use this gas at process industries and it was the main source of gas for
gas utility companies in the eastern United States. These central plants
have now been largely phased out, starting in the 1950's with the advent of
apparently abundant natural gas (pipeline gas).

B.3 Gasification and the Process Industries

It would appear that anthracite coal gasification can once again play
a vital part in the energy problems facing the process industries of the
northeastern United States. It is reported that Pennsylvania, for example,
has more process industries than any other state in the union. Many of
these medium to smaller size industries are faced with past or imminent cur-
tailments of natural gas. Mr. Paul S. Lewis, Research Scientist, Energy

IBritish Thermal Units per Standard Cubic Foot.
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Research and Development Administration, Morgantown Energy Research Center,
Morgantown, West Virginia, recently stated, 1

Near term (through 1985) prospects for reviving a substantial demand
for anthracite largely will be dependent upon a return to on-site gas
generation. In former years many industries, such as metal and glass,
generated their own gas from coal or coke. Today large natural gas
consumers are planning construction of gas generators in order to
insure their future gas supply. Anthracite fields, being favorably
situated with respect to the industrial eastern states, again could be
a major source of fuel for gas generation.

Collectively and individually there is a very substantial investment
by these process industries in their present natural gas combustion facil-
ities. In converting to coal they cannot economically demolish these natural
gas facilities and replace them with coal burning equipment. A low-BTU
gasifier can be constructed at these plants and, with certain adjustments,
the plant can continue to operate. Boilers, for example, would have to
be derated. Uses might include direct-fired process use, heat or steam
ra i sing.

8.4 Types of Gasifiers

The subject of coal gasification is receiving much attention and develop­
mental funding in this country. Mr. Erle K. Diehl, Bituminous Coal Research,
Monroeville, Pennsylvania stated at the 1974 Coal and The Environment Tech­
nical Conference,Louisville, Kentucky, that BCR had made a survey in 1965
under contract to the Office of Coal Research which identified 65 separate
coal gasification processes.2 These processes were, at that time, either
commercial, under active development, or conceptual. Since that survey
several new processes have emerged. These gasifiers fall into four groups,
fixed-bed, fluidized bed, entrained, and immersion:

l. The fixed-bed process operates with the fuel bed supported from
below by a grate or similar device.

2. In the fluidized bed process gases flow upward through a bed of
particles with sufficient velocity to support their weight, but not carry
them out of the bed.

lAnthracite Research Conference, University of Scranton, Scranton,
Pennsylvania, January 6, 7, 1975.

2Paper entitled "Gas Generator Update".
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3. In the entrained gasification process (sometimes also known as
suspension) pulverized coal is suspended in the gasifying medium and the
mixture passes through the gasifier along a high to low temperature profile.

4. With immersion gasifiers the fuel is introduced below the surface
of a molten pool of metal or metal salts. These units are only in the
conceptual stage.

In general, it is not expected that the second generation gasifiers
will be commercially available for gas generation until about 1985. These
include most of the fluidized bed and entrained gasifiers - those working
on a pressurized principle and usually an oxygen feed. These units require
pulverized coal and favor the use of high volatile fuels. One of the en­
couraging aspects of this urgent research is that it is possible to remove
the sulphur in the burning stage - thus overcoming a major problem with
bituminous coals in most other forms of combustion. This, of course, is
not an important consideration with low sulphur anthracite coal.

Such research is of 1ittle comfort to the industrial manager or owners
looking for a linear term 'l or immediate solution to his natural gas curtailment
problems. Converting to other fuels could increase costs three to four
times. Unfortunately, almost all of the present developmental technology
for coal gasification is directed towards low-BTU gas for use by utilities
and high-BTU pipeline gas, or substitute natural gas (SNG). Because the
subject of low-BTU on-site coal to gas production is an old one, this does
not necessarily mean that it is not a valid concept, or that it does not
have a place in the total energy picture. It is recognized that low-BTU
gas cannot be transported through pipelines due to the economics of the situ­
ation, but it can be valuable through on-site gas generation. Some smaller
governmental funding for fixed-bed low-BTU gasification could greatly assist
in solving the present problems of the process industries. The technology
for fixed-bed gasifiers is old and proven. However, some assistance to
the process industries on how to expeditiously convert to use of a producer
is needed, along with gasifier improvements. Fortunately there are a num­
ber of fixed-bed gasifiers available on the market today.

Some of the existing and proposed gasifiers include:

B.4.a Wellman-Galusha Low-BTU Gasifier (Fixed-Bed)

Some fixed-bed gasifiers are commercially available today in this country,
having been developed in the 1940 1 s. (The Lurgi fixed-bed gasifier was
developed in Europe in the 1930's). The most common one is the Wellman­
Galusha unit manufactured by McDowell-Wellman Engineering Company of Cleve­
land, Ohio. These units are very common in Europe, the most active supplier
being Wellman-Incandescent of England.

I I I - 24



WELLMAN-GALUSHA AGITATOR TYPE GAS PRODUCER

'ATIM'IO

HOT RAW GAS

PLATE III 4

I I I - 25

158



159

In this country, with the switch to oil and natural gas, most of the
Wellman-Galusha's were already dismantled or in the process of being dis­
mantled when the current energy situation clearly emerged. An example is
the Glen-Gery Corporation, manufacturers of brick in Pennsylvania and Ohio.
This company had dismantled all their gasifiers except four. Two units
were placed back on-line when the company, like many others, was faced with
successive curtailments of natural gas. The other two units are on standby.
The company is pleased with the units and is in the process of adding a new
one which will make a total of five. These units, along with the brick
kilns, operate 24 hours a day. It is these companies, such as glass making,
brick making, metals, etc. where the fixed-bed gasifier can playa vital
role.

Glen-Gery Corporation has been experimenting with the use of high ash
anthracite culm material. However, they report that the tests have not
been very successful. Similar tests were performed by the Anthracite Exper-
iment Station, U. S. Bureau of Mines, Schuylkill Haven, Pennsylvania, in
the early 1950 1 s. 1 They also found in using a Wellman-Galusha Producer that
a large number of fines did not perform very satisfactorily. More recently,
Glen-Gery has been looking into the economics of briquetting. However, the
briquettes must have considerable strength to operate satisfactorily.

Should the price of anthracite continue to rise the use of bituminous
coal would become more attractive, especially if economical gas scrubbing
can be achieved and the operating problems with char overcome. The anthra­
cite coal industry could lose many potential and existing markets in this
manner.

B.4.b Riley-Morgan Low-BTU Gasifier (Fixed-Bed)

Another fixed-bed gasifier is the Riley-Morgan. This unit has seals
at top and bottom - the lower seal being a water seal. It is a less popular
gasifier, probably because of its use of seals, which are a prime source of
maintenance in gasifiers.

B.4.c Fixed-Bed Gasifier Experimentation

The Energy Research and Development Administration currently is experi­
menting with a modified Wellman-Galusha at their Morgantown Research Center,
Morgantown, West Virgina. This unit produces 150 BTU/SCF, and is a medium
pressure stirred fixed-bed gasifier using air and steam. Also, the Penn­
sylvania State University, in conjunction with the Pennsylvania Science and
Engineering Foundation, proposes to construct a unit for experimentation on

1J. W. Eckerd, J. D. Glendenin, W. S. Sanner, and R. E. Morgan, Gasifi­
cation of Bone Anthracite, U. S. Bureau of Mines, RI 5594, 1960.
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the main campus. However, it is understood that the latter project is
held up for lack of additional funding. Finally, the Hazleton, Pennsylvania
CAN-DO Industrial Park, with the assistance of the Appalachian Regional
Commission, is studying the feasibility of constructing Wellman-Galusha
gasifiers to serve a group of industries in the Industrial Park.

Fixed-bed gasifiers operate on either anthracite, bituminous, or coke.
However, anthracite is attractive for fuel and has ideal characteristics
since it is high in fixed carbon, is low volatile and produces no chars.
Char is not a problem when operating with anthracite, an important point
in the maintenance of gasifiers. It is reported that Wellman-Galushas
are very dependable and require few operating personnel - factors attractive
to industry. Only one man is required for part of the day to operate a
producer. Yearly maintenance involves about 200 man-hours for shut-down,
inspection and repairs. A mixture of the three smaller sizes of coal (pea,
rice and buckwheat) is desirable for a fixed-bed gasifier. At capacity
the larger size ten foot diameter producer uses 25,000 tons/year of anthracite
coal. One day's accumulation of 20 tons of ash is discharged to a truck
in five minutes.

160

B.4.d Koppers-Totzek Gasifier (Entrained)

Another commercially available gasifier which can burn anthracite as
well as bituminous coal is the Koppers-Totzek. This is a pressurized
entrained gasifier. Like the Ignifluid and the Lurgi units, it suffers
from the fact that no Koppers-Totzek gasifier exists in this country.
United Gas Improvement Corporation (UGI) of Wilkes-Barre, Pennsylvania,
operating electric and gas properties in eastern Pennsylvania, is a utility
company which made extensive studies based on the Koppers-Totzek gasifier.
UGI made studies of a pilot plant using this gasifier to produce Syn gas
which is a basic chemical easily converted to methanol. Methanol is easily
transported, handled, and stored. It is a liquid which can supplement
supplies of gasoline (as an extender), natural gas (by conversion), fuel oil,
etc., including a substantial use for chemical grade methanol in industry.
It would appear that this coal/methanol process is quite feasible and no
additional R&D is required for practical application. It is presently
made from natural gas which is itself in short supply. This natural gas
could be released for other uses if anthracite were used. A full scale
plant would cost approximately $350 million, and produce 500,000,000 gallons
of methanol annually from 3,000,000 tons per year of coal. The return on
investment for this expenditure must not be dependent on the vagaries of
foreign oil and natural gas (LNG) prices. It is reported that UGI IS plant
is held up pending a national energy pol icy which would supply the above
assurances.

B.4.e Ignifluid Units

Ignifluid units (another anthracite burning unit which has received
much attention in Europe) also deserve consideration, but at the present
time are not strictly gasifiers. They have yet to be introduced in this
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country, although they have many unique features. Some 35 commerica1 Igni-
fluid units are on-stream in Europe and northern Africa. Original developer
in 1915 was a Frenchman, the late ~jr. Albert Codel. The patents are now
held by Babcock-Atlantique. The largest installation to date is a 60 mw
boiler plant in Morocco which has a normal operating capacity of approxi-
mately 55 mw. This Ignifluid (fluidized bed) unit can burn anthracite, bitu-
minous and coal refuse containing at least 40 percent ash. The moving grate
is inclined at an angle of ten to twelve degrees with the bottom ash agglom-
erating and discharging over the high end. Grate size is only about 15 per-
cent that of a standard anthracite spreader stoker. Primary air (50+ per-
cent) is introduced up through the grate at such a velocity that the coal
literally is suspended in mid-air along a nearly horizontal line above the
grate. Secondary ai r (50+ percent) is introduced above the grate to com­
plete the combustion process. The fluidized bed is reported to look like a
gas furnace with an intense incandescent white heat. The efficiency is
reported to be as high as with pulverized firing. It produces no fly ash
as all of the dust from the precipitators is reinjected back into the furnace.
Therefore, there is no need for fly ash ponds. Electrostatic precipitation
is very successful as the fly ash of an Ignifluid boiler is high in carbon
and, therefore, low in resistivity (oppusite to pulverized coal boilers in
the United States). All ash is, therefore, bottom ash in the form of an
agglomerate which can be used for making block, etc.

The possible application to the 800 to 900 anthracite refuse banks
in the region are obvious. Again, UGI made extensive studies of this
unit for power generation. However, modern util ity plants now are of such
size that the app1 ication to large util ity plants apparently loses out in
the "economies of scale'l. Pennsylvania Power and Light Company, for example,
now has a policy of building no new units smaller than 800 megawatts. UGI
compromised in their study to suggest an Ignif1uid plant of 125 mw. Even
with a scale-up to larger units for just a 125 mw plant quite a few such units
would be required. Therefore, initial capital costs would be high. UGI
tests of Pennsylvania anthracite culm conducted in Europe and Africa indicated
that carbon in the ash would be approximately 17 to 20 percent, rather than
the four to eight percent experienced by the overseas anthracite. However,
it was felt that this could be reduced to less than ten percent by adding a
post-combustion furnace similar to the type used for expanded ash for light­
weight aggregate purposes.

The efficiency of the
that it should have a part
size process industries.
converted to a gasifier.

8.5 In Situ Gasification

Ignif1uid unit, even using low grade fuel, is such
to play, perhaps again with the medium to smaller
Experts have said that it could probably be easily

To the best of our knowledge in-situ gasification has not been tried
in the Anthracite Region on a test basis.
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A Battelle Energy Program Report1 describes the method as follows:

In situ gasification, also called underground gasification, is
a process for gasifying coal by ignition of the coal in place in the
presence of air, oxygen, steam-air, or steam-oxygen mixtures. Means
must be provided for admission of the gasifying agent and for with­
drawal of product gases. This may be accomplished via shafts and
tunnels or by means of boreholes. The process permits recovery of
a portion of the energy in the coal without recourse to mining methods
to remove the coal from the deposit in which it occurs.

The method may have considerable advantages over above ground gasifica-
tion, including that of cost. However, in most studies to date the gas has
been generally of poor quality. It is difficult to achieve the same degree
of control as with a surface gasifier.

6.6 Economic Feasibility of Anthracite Coal Conversion

In summary, it would appear that anthracite coal has many benefits
and is adaptable to coal conversion as follows:

I. Fixed bed gasifier for the process industries, such as brick making,
glass making, metals, etc.

2. Ignifluid process using coal refuse material for power generation,
and with R&D - gasification for the process industries.

3. Koppers-Totzek unit for production of methanol and power
generation.

Anthracite coal is an ideal fuel because it produces no chars or tars,
is low in sulphur and with reasonable prices of anthracite yields low operat­
ing costs when used in fixed-bed and some other gasifiers.

The eventual effect of the gasification of western coals and other bitu­
minous coals is unknown at this time. Two pipeline companies are starting
projects using Lurgi gasifiers and New Mexico coal. Other plants employing
the Lurgi process are contemplated using western coal. (The Lurgi, a high
pressure fixed-bed gasifier, and the Winkler, a fluidized bed gasifier, are
also commercially available at this time). It is understood that the biggest
problem facing the construction of the plants using New Mexico coal is the
problem of raising the required capital. One must question at what economic
rate these western coals will be synthesized into a high-BTU gas to be pipe­
lined into the northeastern United States. There are also a number of

lLiquefaction and Chemical Refining of Coal, Battelle Columbus Labora­
tories, July, 1974.

I I I - 29

162



studies and pilot plants leading to the eventual construction of large scale
low-BTU gas generators using high sulphur coal for use by combined cycle
gas turbine-steam power plants.

If a number of process industries install their own on-site gas genera­
tors, history could repeat itself in that pipe1 ine gas could again make such
generators uneconomical. It is difficult to place estimates on the possi-
bility of this happening due to the rapidly changing cost picture in various
types of fuels and the unknowns in fuel conversion. However, at the Morgan­
town Research Center it has been broadly estimated that low-BTU gas can
be produced for $1.75 per million BTU's.

While the technology undoubtedly will be developed for second generation
gasifiers in perhaps ten years, it is known that there are quite a few prob­
lems, not to mention considerable capital and operating costs, with large
scale fluidized/entrained bed gasifiers. It is estimated that high-BTU
coal gasification processes will cost at least $2.00 to $2.50 per million
BTU. Others have estimated a rate as high as $4.00 per mill ion BTU" If
technology does not produce this synthetic gas at a cost that is competitive
with other fuel sources, it is possible that it would be governmentally sub­
sidized to carry out national goals.

Mr. Paul S. Lewis of the Morgantown Research Center has stated that
some of the problems with the advanced generation gasifiers are:

1. Carbon utilization.
2. Maintaining seals in high pressure fluidized or entrained beds.
3. Getting molten slag out of a pressure vessel.
4. Maintaining the walls with the corrosive slag.
5. Development of cracks in the refractory brick, a serious problem

in a pressure vessel.
6. The treatment of the waste produced.

Mr. Lewis categorized these second and third generation gasifiers into
two categor ies :

1. Experimental gasifiers

a. HYGAS (fluidized bed)
b. CO 2 ACCEPTOR (fluidized bed)
c. BI-GAS (fluidized bed)
d. SYNTHANE (fluidized bed)

2. Conceptual Gasifiers

a. Molten Salt (immersion)
b. Molten Iron (Immersion)
c. Ash Agglomeration (fluidized bed)
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On the other hand, the cost of a Wellman-Galusha fixed-bed gasifier is
estimated at approximately $200,000. It is also estimated that approximately
another $175,000 to $200,000 is required for installation. This would
include some site work, a suitable building to house the unit, and auxiliary
equipment. There are some problems in converting over to low-BTU gas;
however, the Glen-Gery Corporation experience shows that these are not insur­
mountable and the proper adjustments can be made.

In this regard Government can assist the process industries, etc. by
determining, through a study, how retrofit can be more easily done. There
is also a need for governmental funds to assist in developing improvements
to fixed-bed gasifiers and to conduct studies on other types of fixed-bed
gasifiers which might be more efficient. There is a need for further studies
of the Ignifluid process to scale-up this unit, convert it to a gasifier,
and to develop a gas generator such as 25 mw, which can be used by small
and medium size industrial users. Finally, gasification development should
be broadened so that the plants developed can use various types of coal
and not just high sulphur bituminous coal.

It must also be said that, except for a few instances, industry has not
recognized or turned to on-site fixed-bed gas generation. Governmental
representatives could encourage this. (Industries are currently turning to
SNG, costing $4.00 to $5.00 per million BTU).

One major misconception that industry holds is the alleged inferiority
of low-BTU gas - 150 BTU/SCF vs. 1,000 BTU/SCF. It is the combustion gas
that is important. Air and low-BTU producer gas are mixed at a ratio
of nearly 1 : 1, while air and natural gas are mixed at a ratio of approximately
10 : 1. The result is that equal amounts of combustion gasses from a producer
and natural gas have a ratio of about 80 percent heat value. Flame temperature
of (natural) combustion gas is about 3800 degrees F. and that of (producer)
combustion gas about 3200 degrees F.

Another misconception about low-BTU gas is that since existing low-BTU
gas producer units produce relatively low hourly outputs, i.e. 25,000,000 to
75,000,000 BTU/hour, they cannot be considered for high volume users. If
space is not a problem it would seem that cost per BTU produced would be the
determining factor rather than the overall size and number of pieces of
equipment.

Another point that is overlooked is that, using low sulphur anthracite,
the hot combustion gas from a fixed-bed gasifier can usually be used directly
by a process industry. In the case of high sulphur bituminous coal there
is a certain loss of efficiency through the gas cleanup phase since the
producer gas must be cooled down during the sulphur removal process. Obviously
there is also an additional capital cost, when using bituminous coal, in pro­
viding the scrubber equipment.

III - 31

if)



In summary, coal conversion by gasification can be an increasing market
for anthracite coal. However, the large federal developmental program for
second and third generation gasifiers does not include anthracite. It
should.
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CHAPTER IV - SUMMARY

ANTHRACITE RESOURCES

All of the bedrock formations of the area are sedimentary in origin and
are primarily sandstones. The Llewellyn and Pottsville are the principle
coal bearing formations.

"'..
The coal basins are formed by synclines and anticlines which have been

intensely folded and contorted and contain numerous faults. As a result
of this faulting the pitch of the beds varies from being horizontal to verti­
cal and in some areas the beds are overturned.

The data available on the resources of all the fields in not accessible
on a uniform basis. The last detailed estimate of the reserves was completed
in 1945 and an update of this data was published in 1972. A great deal of
time was spent in this study to tabulate the resources of the Southern and
Western Middle fields by U.S.G.S. quadrangle location and depth. It was
not possible to catalog the resources of the Northern and Eastern Middle
fields in this fashion because of the lack of recent geologic cross sections.

It is estimated that the combined resources of the four fields is
17,418,000,000 net tons, and is subdivided as follows:

Northern
Eas te rnM idd Ie
Western Middle
Southern

1,944,000,000
275,000,000

3,048,000,000
12,151,000,000

Thestrippable resources are estimated to total 993 million tons, wi.th
the individual fields conta.ining the following amounts:

Northern
Eastern Middle
Western Middle
Southern

405,000,000
43,000,000

215,000,000
330,000,000

There are more than 910 million cubic yards()f anthracite refuse. The
various classifications of refuse contain between 15 and 25 percent salable
coal ora total of approximately 120 milliontons. The total tonnages of
coa 1 from refuse in the individual fie 1dsa r.e:
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Northern
Eastern Middle
Western Middle
Southern

47,000,000
12,000,000
49,000,000
12,000,000

An estimate of the coal available with the following physical and chemi­
cal properties has been made: heat value, ash content, grindabil ity, percent­
age of volatile material, sulphur content and percentage of fixed carbon.

Present data shows that there are at least 167 known mine pools and that
the cessation of operations in the Northern field has resulted in the forma-
tion of one more or lesscontlnuous pool. It is estimated that the volume
of water contained in the various fields is as follows:

Northern
Eastern Middle
Western Mi ddle
Southern

262,000,000,000 gallons
14,000,000,000 gallons
61,000,000,000 gallons
38,000,000,000 gallons

In addition to the drawdown of the static pools, infiltrating water will
also have to be pumped to the surface and treated. An estimate of the amount
of water which would seep into the various fields is summarized below:

Field

Northern
Eastern Middle
Western Middle
Southern

Seepage

58,000,000,000 gallons
15,000,000,000 gallons
37,000,000,000 gallons
73 ,000, 000,000 gallons

The cost to lower and maintain the pools at depressed levels has been
estimated for each field in addition to the cost to remove the water which
infiltrates continuously into the mines. The costs computed are in dollars
per month and are based on the continuous operation of the pumps in order to
lower the main pools by each increment of 500 feet in a period of a year.

SUMMARY OF DEWATERING COSTS

Eastern Western
Static Pool Northern Middle Middle Southern

VF-500 $152,000 $12,000 $65,000 $ 28,000
500-1 ,000 360,000 4,000 57,000 54,000

1,000-1 ,500 150,000 7,000 25,000
1,500-2, 000 16,000

Infiltration $ 69,000 $ 7,000 $53,000 $109,000



Prior to discharging any water into the streams it wi 11 have to be
treated. Assuming a hydrated lime system would be used, the capital and
operating costs would be approximately $0.30 per 1,000 gallons of water
treated.

The anthracite resource availability in the Northern field and the
Eastern Middle field, although representing a sizeable and meaningful
fuel source, does present significant extractive problems because of
voluminous impoundments and urban1zat1on. The Northern f1eld in particular
contains the largest concentration of recoverable refuse material and must
be considered as a viable energy source.

A perusal of the tabulation of resources available indicates there
are several areas which could provide for the demand through the year 2,000.
An example area is a portion of the Minersville Synclinorium. Concen­
trated mining in limited areas such as this would reduce the pumping and
preparation costs. The estimate for dewatering the previously mentioned
area is summarized below:

1.68

Depth

VF-500
500-1,000

1,000-1 ,500

Cost to Lower
Static Pool

$ 8,OOO/month
17,OOO/month
5,OOO/month

In f i 1t ra t ion

$16,000/month
l6,OOO/month
16,000/month

Total

$24,000/month
33,OOO/month
21,000/month





CHAPTER IV

ANTHRACITE SOURCES

A. GEOLOGY OF THE ANTHRACITE FIELDS

A. I Physiography

The anthracite coal region lies within the Appalachian Mountain Section
of the Valley and Ridge physiographic province. The anthracite coal measures
comprise an area of approximately 484 square miles and are divided into
four separate fields by distinct geologic boundaries. The largest of the
fields, areally, is the Southern, followed by the Northern, Western Middle
and Eastern Middle. Plate IV-l is a map showing the location of the an-
thracite fields in relation to major Pennsylvania cities and towns. Plate
IV-2 relates the fields to the physiographic provinces.

A.2 Topography

The topography of the anthracite area is dominated by the steep ridges
separated by valleys which vary greatly in width. The Northern Field is a
single valley whereas the Southern and Western Middle Fields comprise a
series of small interconnected valleys. Instead of occupying a valley
or series of valleys, the Eastern Middle Field is situated on high table-
land which is approximately level. The maximum relief in the area is
2,000 feet and the local relief is generally between 600 feet and 1,000
feet.

A.3 Stratigraphy

The most recently deposited material in the coal fields, except in the
southern portion of the Southern Field, is the glacial drift from the three
Pleistocene glacial stages. Preglacial erosion has resulted in deeply
buried valleys in many places, the most notable of these being the Wyoming
Valley of the North Branch of the Susquehanna River. This hidden valley
is at least 100 feet thick over an area of more than 20 square miles and
is over 300 feet thick in one locality. Recent deposits of silt, sand
and gravel are found along the streams of the area. They are the result
of bedrock erosion, the reworking of glacial drift and the deposition of
very fine coal or culm from coal washeries.

IV - I
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The rock formations found in the anthracite fields are all of sedi­
mentary origin. The coal bearing formations are the Llewel lyn and the
Pottsvil Ie. The Llewellyn formations consist of beds of sandstone, having
a variable hardness and texture; shale; clay; black carbonaceous slate
or shale; and coal beds which range from only a few inches thick to the
massive Mammoth bed which is more than 50 feet thick over large areas.
Brown or gray is the predominant color of the sandstones or shales. There
are fireclays associated with the coal beds as well as in the zones of shale
and sandstones between the coals. Unlike the bituminous fields of the
western part of the state, limestones are non-existent, except in the
Wyoming Valley. Since the rocks of the Llewellyn formation are not as
resistant to erosion as the underlying Pottsvi lle formation, they have
formed reasonably flat valleys which are surrounded by ridges made up of
Pottsville rocks.

The Pottsvil Ie formation is primarily a mass of quarzitic rocks com­
prised mostly of gray conglomerate, white, gray and brown sandstone, some
thin beds of carbonaceous slate, and a few thin coal seams. The coal
beds of the Pottsville formation are the most extensive and valuable in
the west ends of the Southern and Western Middle Fields. As one progresses
to the east the coal beds decrease in size and number. The bulk of the
formation then is hard, coarse conglomerate whose outcrop forms an encircl­
ing ridge around each of the coal basins, protecting the coal beds of the
overlying Llewellyn formation.

The Generalized Stratigraphic Sections, Plates IV-3, 4, 5 and 6, show
the coals of the four anthracite fields, their relative positions and the
average intervals between the beds.

A.4 Structure

The geologic structure of the anthracite fields is rather complex.
In the Northern Field the most prominent structural feature is the Lacka­
wanna syncline. Another major fold in this area forms the series of
anticlines and synclines which constitute the Eastern Middle Field. The
rocks of the LI ewe I lyn format ion, wh i ch are found in the centra I cores
of the synclinal basins, have been severely folded and contorted, with
numerous minor faults.

The strata in the Southern Field are even more intensely folded so
that they are overturned in many places. In some instances the faulting
has fractured the coal into non-coherent masses which are difficult to mine.

The rocks of the Western Middle Field have also been folded into a
series of alternating synclines and anticlines which trend in a east ­
northeast direction. The folding and faulting is not as severe as in the
Southern Field and the dips of the strata are not as great.
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B. COAL RESOURCES

B.1 Evaluation Technique

"Estimating the potential recoverable reserves of the four anthracite
fields is a difficult problem in any easel'. This is a quote from Informa-
tion Circular 72, Coal Reserves of Pennsylvania: Total, Recoverable, and
Strippab1e (January 1, 1970). The figures of Appendix Table A in that
publication were used as the base data in this report. As noted, that
report includes coal thicknesses of 14 inches and up and is based on Pro-
gress Report 130 by Ash1 ey l (1944). The resources of the four anthracite
fields are shown by the pie diagram on Plate IV-7. The bulk of the coal
remaining is in the Southern Field followed by the Western Middle, Northern
and Eastern Middle Fields. The combined resources of the four fields
according to our estimate is 17,418,000,000 net tons. 2

In this report the location of the resources available are shown either
by county or by 7~ minute U. S. Geologic Survey quadrangle, depending on the
avai1abi1 ity of updated information. The Northern and Eastern Middle Fields
are shown using the former area delineation and the Southern and Western
Middle Fields follow the latter scheme.

There has been little data published on the resources of the Northern
and Eastern Middle Fields since the 1944 estimate by Ashley. The amount
of coal in each county falling in these two fields was calculated for this
report by multiplying the resources remaining in each county by a factor
which is a percentage of the county which falls in the field. This per-
centage was determined using the original content figures given for the
counties in Ashley (1944). For example, of the 630 mil lion tons of coal
in Carbon County, 110 million tons, or 17 percent, were calculated to be
in the Eastern Middle Field. This procedure was followed for all the
counties in the Northern and Eastern Middle Fields.

In the Southern Field, we have utilized the data from Geological Survey
Professional Paper 602, which deals with the geology of the Klingerstown,
Lykens, Minersville, Pine Grove, Swatara Hill, Tower City, Tremont and Valley
View 7~ minute geologic quadrangles, and geologic investigation reports on

IGeorge H. Ashley, Anthracite Reserves, Pennsylvania Topographic and
Geologic Survey, 1945.

2Reserve estimates include only coal below the average val ley floor.
Due to the lack of data on mining it was not possible to estimate the reserves
remaining above the valley floor.
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the Pottsville and Orwigsburg quadrangles to update the original estimates. 1

In Professional Paper 602 it was estimated that the eight counties in the
report area contained approximately 7.6 billion net tons of coal. A fur­
ther breakdown of this total allotted 6.5 billion tons to Schuylkill County,
0.66 billion tons to Lebanon County and 0.44 bil lion tons to Dauphin County.
These amounts of coal were prorated to the various quadrangles using typical
structure sections from each quadrangle, measuring the length of the seams
and calculating the area of the coal using the average coal thickness for
the respective seams. The complexity of the structure sections determined
the number which was used to calculate coal in a quadrangle. The final
volume was computed using the average end area method. From sample cal­
culations it was estimated that approximately 30 percent of the coal lies
within 1,000 feet of the valley floor, 30 percent is between 1,000 feet and
2,000 feet, 15 percent is between 2,000 and 3,000 feet and 25 percent is at
a depth of 3,000 or more. The quantities for the Orwigsburg and Pottsville
quadrangles are from the aforementioned investigation reports. The prora­
tion for the Tamaqua, Delano and Nesquehoning quadrangles are based on data
from the Second Geologic Survey and it was estimated that the coal was origin­
ally distributed as follows:

V.F.
1,000 1

-

2,000 1
-

3,000 1+

1,000 1

2,000 1

3,000 1

40 percent
30 percent
20 percent
10 percent

In order to arrive at the present resources available, the total pro­
duction and losses were estimated for each of the quadrangles, based on the
information available for the counties, and were subtracted from the original
resource figures.

The coal remaining in the Western Middle Field was also determined
using the average end area method; hmvever, the area of coal in each of
the structure cross sections published by the U. S. Geologic Survey was cal­
culated. The sections were first reviewed and a line representing the
average valley floor was drawn on each cross section and the strata below
were divided into vertical increments of 500 feet. The lengths of the
coal seams remaining in each zone of 500 feet were then measured and tabu­
lated. The areas were then determined using the average seam thicknesses.
The average end area method was used for the final volume computation after
measuring the average distances between the cross sections.

IGordon H. Wood, Jr., and others, Geology of the West Central Part of
the Southern Anthracite Field and Adjoining Areas,iP.en;syTvania, U.--S-.--­
Geological Survey Professional Paper 602, 1969, p.138.
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It was assumed that the coal has a unit weight of 92 pounds per cubic
foot in all the calculations.

B.2 Northern Field

The Northern Field consists of essentially one large synclinal basin
which covers an area of approximately 176 square miles. The Field has a
length of 55 miles and falls primarily in Luzerne and Lackawanna Counties,
with a small portion in Susquehanna and Wayne Counties, as shown on Plate
IV-8. Due to the flat lying nature of the beds the first extraction of
coal took place at the surface where the seams outcropped. This procedure
was followed by the driving of slopes and the development of shafts to the
deeper flat lying beds as the demand for coal increased. Deep mine de­
velopment has taken place to an altitute of 900+ feet below sea level or
to a depth of approximately 1,500 feet below the valley floor at Wilkes-
Barre. Proceeding to the southwest along the axis of the basin, the coal
reaches its lowest level at about 2,000 feet below the valley floor near
Nanticoke.

There has been little recent work in updating the resource estimates
of this Field and since such an undertaking is beyond the scope of this
project, the Consultant has reI ied upon the latest published data of the
Pennsylvania Bureau of Topographic and Geologic Surveyl. Plate IV-9 is
a pie diagram which shows the total available resources for the Northern
Field. As shown, the bulk of the coal is in Luzerne County and in all
probability most of it is more than 1,000 feet below the valley floor.

Future deep mining of coal in the Wyoming and Lackawanna Valleys will
be a problem because of the high water table and because of the dense popula-
tion centers which have developed in the area. Subsidence has occurred
in the distant and recent past and the potential for subsidence must be
considered in any future mining plans.

B.3 Eastern Middle Field

The Eastern Middle Field is situated in the central portion of the
Anthracite Region, with most of its area in southern Luzerne County. The
remainder of the field falls in Carbon, Columbia and Schuylkill Counties
(see Plate IV-10). The area covered is only 33 square miles and, unlike
the Northern Field, the Eastern Middle Field is divided into a number of
isolated basins. The greatest amount of cover over the coal in this
field occurs in the Hazleton, Diamond and Stockton basins where the lowest
coal occurs at depths between 1,000 and 1,200 feet. '

lWil liam E. Edmunds, Coal Reserves of Pennsylvania:
and Strippable (January lL 1970), Pennsylvania Bureau of
Geologic Survey, IC-72, 1972.
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ESTIMATE OF
ANTHRACITE RESOURCES IN TONS
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NORTHERN FIELD
1974

SUSQtJEIIANNA and WAYNE-
( 4.100,000) (5,800, OOO)'-.....-----rirr-__

LUZERNE
( 1,543,600,000)

LACKAWANNA
(389,300, 000)

SOURCE: Prepared by Consul/ani based on Dalo from
PMns$llvonia Bureou 0/ The Topo?roplllC and
(Je%9/c Sl.lrY~(I.

PLATE IV -- 9

IV - 14



183

0 <r,

-' .~
UJ ~-u.

"""UJ
I--u

Q. «
a::

~ J: 0
:E I-

Z

~
~«

X
UJ

~I.LJ ...J
0 0

~z c- ~ o9.:.
~ Il."

"'"Z ~
-..J I

a::

/UJ
I-
(f)

«
UJ

-..J
-..J,
~

\ ~

\
~

~
~
~
tI)

SOURCe: Bureau orMines and
.Pennsylvania 8t1,eauolTilt! Topographic
0170' tJt-%gic .furvt!y

PLATE IV - 10

I V - 15



The most recent detailed study related to the resources of the Eastern
Middle Field was completed by the Bureau of Mines in 1950 1 . The scope of
the study was to determine the inundated reserves in each mine pool. In
all, 32 mine pools were studied. The estimate considered only coal which
was amenable to extraction by the methods available at the time and, in
general, the minimum thickness considered was 36 inches. According to
the report, 15 of the basins have been mined to exhaustion or have only
a small tonnage of coal remaining in place.

The figures shown on Plate IV-ll are from the 1970 estimate of coal
reserves, published by the Pennsylvania Bureau of Topographic and Geologic Sur­
vey.2 No detailed study has been made to determine exactly which basins con­
tain the coal; however, the data available does show that the coal remaining
is within 1,200 feet of the ground surface in the deepest basin. As in the
Northern Field, most of the coal remaining in place is in Luzerne County.

B.4 Southern Field

The Southern Field is the largest of the four anthracite fields, occupy-
ing an area of 18l square miles. The central section of the field is in
Schuylkill County and the "fishtail" ends of the basin are in Dauphin,
Lebanon, and Carbon Counties (see Plate IV-12). It is in this field that
the coal beds have the steepest pitches. In some instances the forces
which have created the synclinal basins have been so great that the beds
are overturned at some locations.

There has been a great deal of activity in recent years in the geo­
logic mapping of the Southern Field whereby it has been possible to revise
the estimate of the anthracite resources. The United States Geological
Survey report published in 1969 has already been mentioned. Also, two
miscellaneous geologic investigation reports, containing updated estimates
of the coal resources in the Pottsville and Orwigsburg quadrangles, were
publ ished in 1972. 3 4 Estimates for the Delano, Tamaqua and Nesquehoning
quadrangles are based on data from Pennsylvania1s Second Geologic Survey.

IS. H. Ash, and others, Inundated Anthracite Reserves: Eastern Middle
Field of Pennsylvania, U. S. Bureau of Mines, Bulletin 491, 1950.

/Edmunds, op. cit.

3Gordon H. Wood, Jr., Geologic Map of Anthracite-Bearing Rocks in the
Pottsville Quadrangle, Schuylkill County, Pennsylvania, U. S. Geological
Survey, Map 1-681, 1972.

4Gordon H. Wood, Jr., Geologic Map of Anthracite-Bearing Rocks in the
North Part of the Orwigsburg Quadrangle, Schuylkill County, Pennsylvania,
U. S. Geological Survey, Map 1-689, 1972.
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The total anthracite resources estimated for each quadrangle are shown
on Plate IV-13. As shown, the Pottsville and Minersville quadrangles,
which are located in the central part of the Southern Field, contain 40
percent of the resources available.

Table IV-l is a summary of the anthracite resources of the Southern
Field showing the location by U.S.G.S. 7~ minute quadrangle and the amount
of coal at intervals of 1,000 feet below the average valley floor. Generally,
between 30 and 40 percent of the original coal was located in the first
increment of 1,000 feet. The second zone of 1,000 feet contains approxi­
mately 30 percent and there is between 15 and 23 percent in the next 3,000
feet. It is estimated that between ten and 25 percent of the coal is to be
found beyond 3,000 feet.

8.5 Western Middle Field

As shown on Plate IV-14 the Western Middle Field is a basin traversing
six U.S.G.S. 7~ minute quadrangle maps in a more or less east-west direction.
The length of the Field is 33 miles and the area included within its boun-
daries is 94 square miles. Geologically, the conditions are such that mining
has been conciucted on pitches varying from level to vertical.

The results of the volume calculation explained in Section B.2 are
contained in Table IV-2 and are shown graphically in the pie diagram on
Plate IV-15.

B.6 Strippab1e Resources

There is no published data indicating either the original in-place
strippab1e resources or the strippable resources remaining. However, for
the purposes of this study an attempt has been made to determine the amount
of strippable coal remaining in all the fields. In estimating the strip­
pab1e resources it was assumed that any coal within 150 feet of the ground
surface can be considered strippable.

The strippable resources remaining are computed as follows:

Estimate of
Strippable Resources (Millions of Net Tons)

Eastern Western
Northern Middle Middle Southern

Original Strippable Resources 915 205 600 720
Strip Mine Production to 1972 - 52 - 59 - 85 -208
Original Amount of Strippable

Coal Lost to Deep Mining (50%)-458 (50%)-103 (50%)-300 (25%)-182

Probable Strippable Resources 405 43 215 330
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ESTIMATE OF
ANTHRACITE RESOURCES IN TONS

BY u. S.G.S. QUADRANGLE

SOUTHERN FI ELD
1974
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/, NES()lJcHONINtJ 201,100,000 l
c. rAMA()lJA 465,900, 000
3. OELANO 819, 900, 000
4. ORWI(jS8lJRtl 950,000,000 v-,

<6. POTTS-iIILLE 2,851, 400, 000 ~

6. MINERSiIILLE 2,3.98, 100, 000 ......
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TABLE IV-l

ESTIMATED COAL RESOURCES
(Net Tons)

Southern Fie 1d
1974

Average Va lley 1,000 Feet 2,000 Feet
Depth/ Floor to To To

Quadrangle 1,000 Feet 2,000 Feet 3,000 Feet 3,000+ Feet

Nesquehoning Insignificant 62,000,000 93,000,000 46,000,000

Tamaqua 125,000,000 170,000,000 114,000,000 57,000,000

Delano 220,000,000 300,000,000 200,000,000 100,000,000

Orwigsburg 255,000,000 348,000,000 232,000,000 116,000,000

Pottsvi lIe 518,000,000 1,014,000,000 796,000,000 523,000,000

Minersville 351,000,000 878,000,000 439,000,000 731,000,000

Tremont 119,000,000 298,000,000 149,000,000 249,000,000

Pine Grove 172,000,000 431,000,000 215,000,000 359,000,000

Tower City 420,000,000 584,000,000 292,000,000 486,000,000

Lykens 54,000,000 119,000,000 58,000,000 100,000,000

Enders 23,000,000 52,000,000 26,000,000 43,000,000

Manada Gap 34,000,000 77 ,000 ,000 39,000,000 65,000,000

Source: Prepared by Consultant based on data from:

ISecond Geological Survey of Pennsylvania 1883, and Will iam C. Edmunds,
Coal Reserves of Pennsylvania: Total, Recoverable ~~ Strippable (January l,
1970), Pennsylvania Geological Survey, Fourth Series, IC-]2, 1972.
-----2G. H. Wood, Jr., Geologic Map of Anthracite-Bearing Rock5 in the North
Part of the Orwigsburg Quadrangle, Schuylkill County, Pennsylvania: U. S.
Geological Survey, Miscellaneous Geological Inv. Map 1-689, 1972.

3G. H. Wood, Jr., Geologic Map of Anthracite-Bearing Rocks in the Potts­
viI Ie Quadrangle, Schuylkill County, Pennsylvania: U. S. Geological Survey,
Miscellaneous Geological Inv. Map 1-681, 1972.

4G. H. Wood, Jr., J. P. Trexler, and Thomas M. Kehn, Geology of West­
Central Part of the Southern Anthracite Field and Adjoining Areas, Pennsyl­
vania, U. S. Geological Survey, Geologic Survey Prof. Paper 602, 1969.
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ESTIMATE OF
ANTHRACITE RESOURCES IN TONS

BY U.S.G.S. QUADRANGLE

WESTERN MIDDLE FIELD
1974

L E a E N 0

/. DeLANO 35, 900, 000 I
2- SHENANDOAH 307, 600,000 Is)

3. ASHLAND 678, 300,000 t:; ~
4 MOt/NT CARMEL 789, 300, 000 ~ ~

5. SHAMOKIN 843,300, 000~
6. TREVORTON 393, 800,000

.sOtJRCE: Prepared b{/ Canst/lion!basedon Dolo /';0/77
IlJe {/.s. 6't'%;it'o/$1.Ir1/t'{/ and Po. 8vr(!'ou 01 Tile
Topo9rapIJic and tJt!'%glc Surl/t'y.
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TABLE IV-2

ESTIMATED COAL RESOURCES
(Net Tons)

Western 11 i dd Ie Field
1974

Avg. Val ley 500 Feet 1,000 Feet 1,500 Feet
Depth/ Floor To To To To

Quad rang 1e 500 Feet 1,000 Feet 1,500 Feet 2,000 Feet 2,000+ Feet

Trevorton 110,000,000 145,000,000 89,000,000 44,000,000 5,000,000

Shamokin 163,000,000 256,000,000 236,000,000 150,000,000 39,000,000

Mt. Carmel 323,000,000 285,000,000 128,000,000 40,000,000 13,000,000

Ashland 161,000,000 199,000,000 186,000,000 132,000,000 -

Shenandoah 122,000,000 104,000,000 70,000,000 11,000,000 -

Delano 17,000,000 17,000,000 3,000,000 - -

Source: Prepared by Consultant based on data from:

lH. H. Arndt, and others, Geology of Anthracite in the Southern Part of the
Trevorton Quadrangle: U.S. Geological Survey Coal Investigations Map C-48, 1963.

2H. H. Arndt, and others, Geology of Anthracite in the Western Part of the
Shamokin Quadrangle: U.S. Geological Survey Coal Investigations Map c-47, 1963.

3Walter Danilchik, and others, Geology of Anthracite in the Eastern Part of
the Shamokin Quadrangle: U.S. Geological Survey Coal Investigations Map c-46,
1962.

4H. E. Rothrock, and others, Geology of Anthracite in the Mount Carmel Quad­
rangle: U.S. Geological Survey Coal Investigations Maps C-3, C-7, C-10, and C-12,
1950, 1951, 1953.

sa. R. Haley, and others, Geology of Anthracite in the Ashland Quadrangle:
U.S. Geological Survey Coal Investigations Maps C-13 and C-14, 1953.

6T. M. Kehn, and H. C. Wagner, Geology of Anthracite in the Eastern Part
of the Shenandoah Quadrangle: U.S. Geological Survey Coal Investigations Map
C-19, 1956.

7Walter Danilchik, and others, Geology of Anthracite in the Western Part
of the Shenandoah Quadrangle: U.S. Geological Survey Coal Investigations Map
C-21, 1955.

8J. A. Maxwell, and H. E. Rothrock, Geology of Anthracite in the Western
Part of the Delano Quadrangle: U.S. Geological Survey Coal Investigations Map
C-25, 1955.
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The estimates of the amount of strippab1e coal lost to deep mining are
based upon a review of the representative cross sections of the four fields.
As in the total resource estimates shown earlier, the above figures include
all coal seams of 14 inches and thicker.

C. REFUSE BANKS

The first record of anthracite production resulting from washery and
bank materials production was made in 1894. Since that time production
from this source generally increased and reached a peak production of over
ten and one-half million tons in 1944. In 1967, the tonnage of anthracite
produced from culm banks exceeded the deep mine tonnage for the first time,
and has remained at about 32 percent of the total production.

According to Bureau of Mines ' data contained in Information Circular
8409, which is a comprehensive study of anthracite refuse banks, there were
863 refuse banks in the Anthracite Region. 1 Of this total, 63 of the banks
had volumes of 10,000 cubic yards or less. Those containing more than
10,000 cubic yards had a total volume of 910,080,000 cubic yards and occupied
an area of More than 12,000 acres.

The refuse material contained in the piles is classified as processed
or unprocessed. Processed material is that rejected by processing opera-
tions in a breaker or preparation plant. The unprocessed refuse is that
material which is brought to the surface and deposited without any handling
by the breaker or preparation plant. The refuse material from modern prep­
aration plants generally contains less than five percent salable coal.

Table IV-3 summarizes the volume of refuse banks in the Region and
estimates their productive life.

The percentages used in computing the tonnage of salable coal in the
refuse pi les is a result of a review of available literature and interviews
with industry personnel. These figures are considered to be region-wide
averages - the characteristics of individual piles can vary greatly from
these figures.

IJames C. McCartney and Ralph H. Whaite, Pennsylvania Anthracite
Refuse - ~ Survey of Solid Waste from Mining and Preparation, IC-8409, 1969.
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TABLE IV-3

ESTIMATED VOLUME OF REFUSE BANKS BY TYPE OF MATER IAL

Pennsylvania Anthracite Region
1967, 1974

I
Volume of Material I

(Thousands of Cubic Yards)
Eastern Western

Type of Material Northern Middle Middle Southern

Breaker Refuse 194,620 39,500 150,090 1,900
Si 1t 7,970 7,420 2,920 4,840
Breaker Refuse and Silt 30,640 6,850 68,660 33,090
Mine Refuse 86,630 1,080 J6,600 -
Tunnel Rock - 150 - -
Mixture 45,600 20,160 45,110 146,250

Totals (1967) 365,460 75,160 283,380 186,080
-

Volume of Coal
(Thousands of Cubic Yards)

Type of Material and Eastern Western
Assumed Percent of Coal Northern Middle Middle Southern

Coal in Breaker Refuse ( 15%) 29,193 5,940 22,514 285
Coal in Si 1t (25%) J ,993 1,855 730 1,210
Coal in Breaker Refuse and Silt (25%) 7,660 1,713 17,165 8,273

Totals 38,846 9,508 40,409 9,768

Conversion to Tonnage (Thousands of Tons) 47,004 J1,505 48,894 1_ 11,819

Total Tonnage (All Fields)
Bank and Washery Production Since 1966
Total Tonnage Remaining

Average Production 1967-1973
Probable Life

Source: Prepared by Consultant based on data from:

119,222,000 tons
22,644,000 tons
96,578,000 tons

2,800,000 tons/year
35 years

James C. McCartney, and Ralph H. Whaite, Pennsylvania Anthracite Refuse - A
Survey of Solid Waste from Mining and Preparation, IC-8409, 1969.
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D. QUANTITIES OF COAL WITH VARIOUS PHYSICAL AND CHEMICAL PROPERTIES

In addition to the determination of the quantity and location of the
resources available, an estimate of the coal available with certain physical
and chemical properties has been made. The properties considered as being
most important are heat value, ash content, grindability, percentage of
volatile material, sulphur content and percentage of fixed carbon.

Some of the properties vary depending on the geologic forces at the
time of the formation of the coal and others show no apparent relationship
to geologic or geographic setting. Heat value shows an increase progress-
ing from the southeast to the northwest and west of the Anthracite Region,
and shows an interrelationship with the percentage of volatile matter.

Ash content does not show any distinct relationship to geographical loca­
tion. It is dependent on the size of the coal, the composition of the seam
from which it is mined, and the efficiency of the preparation plant in cleaning.

Coals from the Northern Field have the lowest grindability indices and
are the hardest to grind. Those from the western portions of the Western
Middle and Southern Fields are the softest; those remaining are in the inter­
mediate range of grindability.

The percentages of fixed carbon show a pattern of decreasing order from
east to west and south to north.

The data available shows that the sulphur content ranges from 0.3 to
1.2 percent. The sulphur content is highest in the western ends of the
Southern and Western Middle Fields. Toward the eastern portions of these
two Fields they tend to be lower. In the Northern Field the range in
sulphur content is broad and is geographically random.

The amounts of coal having the aforementioned physical characteristics
were determined by one of two methods. If the property showed a distinct
pattern across the region, the quantity of coal was assumed to be in propor­
tion to the areal portions of the field falling within the band defined by the
numerical values defining that property. In those cases where there was no
distinct pattern exhibited, the percentage of samples in each grade range for
each field was determined. The total amount of coal in the field was then
multiplied by this percentage to calculate the volume in each grade.

It should be pointed out that the physical and chemical data available
are high graded; that is, they represent very select samples. The face
samples taken from the seams are handpicked and contain virtually no impuri­
ties and the tipple and delivered samples are taken from coal which has
been processed and cleaned.

The following tables show the estimated amount of coal remaining under­
ground which has the previously discussed properties.
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TABLE I V-I;

FIXED CARBON
(Percen tag;;-)

1974

Estimate of
Tonnages Remaining

r
I

Rangel
Field 91% to 93~b 93% to 91f~~ 94% to 95~~ 95~; to 96% 96j; to 97%

Northern 350,000,000 428,000,000 739,000,000 1\28,000,000 I
Eastern 91" 000,000 181,000,000 I

IMiddle I
vies tern 366,000,000 122,000,000 640,000,000 1,798,000,000 122,000,000
Middle

Southern 3,767,000,000 1,094,000,000 2,137,000,000 4,010,000,000 1,215,000,000

Source: Prepared by Consultant based on data from:

G. F. Deasy, and P. R. Griess, J\tlas of Pennsylvania Coal and Coal IHning, Part II,
Anthracite, The Pennsylvania State University, Bul letin of~ ~Hneral--Industrie-s----­

Experiment Station, Number 30, 1963.
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TABLE IV-5

ASH CONTENT

I
(Pe rcen tage)

1974

Estimate of Tonnages Remaining

Range/Field 8% to 11 % 11% to 14~~ 14% to 19%

Northern 642,000,000 778,000,000 525,000,000

Eastern Middle 91,000,000 138,000,000 47,000,000

Western Middle 1,097,000 ,000 1,311,000 ,000 640,000,000

Southern 1,580,000,000 7,898,000,000 2,673,000,000

Source: Prepared by Consultant based on data from:

G. F. Deasy, and P. R. Griess, Atlas of Pennsylvania Coals and Coal
Mining, Part _'_I, Anthracite, The Pennsylvania State University, Bulletin of
the ~jineral Industries Experimental Station, Number 80, 1963.

TABLE IV-6

GR INDAB I LI TV
(Hardgrove Grindabi 1ity Index)

1974

Estimate of Tonnages Remaining

Range/
Field 30 to 40 40 to 50 50 to 60 60 to 70

Northern 1,944,000,000

Eastern 234,000,000 41 ,000,000
Middle

Western 1,707,000,000 823,000,000 518,000,000
tH dd le

Southern 6,076,000,000 2,916,000,000 3,159,000,000

Source: Prepared by Consultant based on data from:

G. F. Deasy, and P. R. Griess, Atlas of Pennsylvania Coals and Coal
Mining, Part ~, Anthracite, The Pennsylvania State University, Bulletin of
the Mineral Industries Experimental Station, Number 80, 1963.
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TABLE IV-7

HEAT VALUE
(BTU Content As Received Basis)

1974

Estimate of Tonnages Remaining

Rangel Less than 12,000 to 12,500 to Hore than
Field 12,000 12,500 13,000 13,000

Northern 253,000,000 428,000,000 797,000,000 466,000,000

Eastern 63,000,000 74,000,000 108,000,000 30,000,000
Hiddle

Western 152,000,000 610,000,000 1,311 ,000,000 975,000,000
Hiddle

Southern 2,308,000,000 3,888,000,000 4,982,000,000 972,000,000

Source: Prepared by Consultant based on data from U. S. Bureau of
Hines Technical Paper 659, 1944.

TABLE IV-8

VOLATILE HATTER
(Percentage)

1974

Estimate of Tonnages Remaining

Rangel
Field Under 4% 4% to 6% 6% to 8% Over 8%

Northern 699,800,000 1, 166 ,000,000 78,000,000

Eastern 193,000,000 82,000,000
r~ i dd le

Western 152,000,000 2,530,000,000 91,000,000 274,000,000
Hiddle

Sou the rn 1,215,000,000 6,440,000,000 851,000,000 3,645,000,000

Source: Prepared by Consultant based on data from:

G. F. Deasy, and P. R. Griess, Atlas of Pennsylvania Coal and Coal
Hining, Part !l, Anthracite, The Pennsylvania State University, Bu1 letin of
the Hineral Industries Experimental Station, Number 80, 1963.
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TABLE IV-9

SULPHUR
(Percentage)

1974

Estimate of Tonnages Remaining

199

Rangel
Field Under .55 .55 to .75

Northern 233,000,000 1 ,089,000,000

Eas tern 220,000,000 55,000,000
Middle

Western 457,000,000 1,890,000,000
Middle

Southern 4,010,000,000 7,534,000,000

Over .75

622,000,000

70 1 ,000,000

608,000,000

Source: Prepared by Consultant based on data from:

G. F. Deasy, and P. R. Griess, Atlas of Pennsylvania Coal and Coal
Mining, Part _I_I, Anthracite, The Pennsylvania State University, Bulletin of
the Mineral Industries Experimental Station, Number 80,1963.
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E. WATER IN THE ANTHRACITE FIELDS

E.l Static Mine Pools

One of the most critical problems in the Pennsylvania anthracite indus-
try is removing the water which has collected in the abandoned mines. In
addition, the surface water which enters the mines through infiltration has
to be pumped to the surface or drained by gravity through drainage tunnels.

During the period from 1945 to 1948 the Bureau of Mines made an in­
depth study of the mine pools in each of the fields. 1 This study utilized
all available mine maps and cross sections to determine the number of pools
in each field and the volume of water in each pool. The altitude of the
overflow points and the directions of flow between the pools were also lo­
cated. This was the last exhaustive study wherein an estimate of the
water impounded in the pools was made. Since that time only the levels
of the pools have been measured and estimates or measurements of the flow
at outfalls have been made. 2

Data on the mine pools at the completion of the 1949 study is contained
in Table IV-10.

TABLE IV-IO

DATA ON ANTHRACITE MINE POOLS 1

Pennsylvania Anthracite Region
1949

Volume of Water
Field Number of Pools Ga 11 ons

Northern 39 16,000,000,000
Eastern t1iddle 31 4,000,000,000
Western Middle 58 38,000,000,000
Southern 31 31,500,000,000

IS. H. Ash, and others, Water Pools ~ Pennsylvania Anthracite ~ines,

U. S. Bureau of Mines, Technical Paper 727, 1949.

21nterview with U. S. Bureau of Mines· personnel in Schuylkill Haven,
Pennsylvania.



Since the completion of the study in 1949 a large number of mines have
ceased operations. As a result, either new pooJs have formed or there have
been considerable rises in the altitudes of some of the existing pools.

The Bureau of Mines now Jists 46 mine pools in the Southern Field as
opposed to 31 pooJs in J949. 1 In the Western Hidd1e Field there are now
67 pools and a number of the original pools have risen considerably in eleva­
tion. There has been no new data collected on the Eastern ~1iddJe Field;
however, it is probable that there is not too much difference between the
water pooJ conditions in J949 and the present because of the system of
gravity drainage tunneJs in this fieJd. In the Wyoming and Lackawanna Basins
of the Northern FieJd aJl the mines are connected to some degree by known
openings or breaches in the barrier pillars between the mines. The result
of this is that the mine pool is continuous over the entire fieJd and con­
tains considerabJy more water than it did in J949.

As a part of this study, an estimate of the quantity of water impounded
in each of the fields was made. This task was made difficuJt by the Jack
of or inconsistency of information. For exampJe, the 1949 study included aJJ
known mine pooJs except those in the Southern Field Jocated east of Tamaqua,
since the operating companies in that JocaJe wished to keep the data on their
mines confidentiaJ. Thus there is no base data from that area on which to
make a prediction of the water in the pools at this time.

The computations to estimate the water presentJy impounded in the Eastern
Middle, Southern and Western Middle Fields were based on the assumption that
the cross sections of the individuaJ pools wouJd be either trianguJar or, in
some areas, rectanguJar and that the increase in water voJume would vary with
the surface eJevation of the pool. The results of these caJcuJations are
shown in TabJes IV-J1, IV-J2 and IV-13. The water voJumes of the Eastern
MiddJe, Southern and Western MiddJe Fields are estimated at J4 biJJion gal-
lons, 38 bilJion gaJlons and 6J biJ Jion galJons, respectiveJy. The con-
tinuous power required to Jower, in tweJve months, the static pooJs of these
fields to the levels of their former lowest workings is approximately 1,300
kiJowatts, J1,700 kiJowatts and J3,800 kilowatts, respectiveJy.

A somewhat different approach was used to caJculate the voJume of water
in the Northern Field, principalJy because of the compJete inundation of the
field and the continuity of the mine ~ooJ. It was assumed that the void
space Jeft by the mining is now fiJJed with water and that the volume of
water couJd be determined from the deep mine production which has taken pJace
beJow the mine pool surface. This method was chosen after discussion with
U. S. Bureau of Mines personneJ in WiJkes-Barre, Pennsylvania, and further
research of the water conditions in the Northern FieJd.

11 bid.
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TABLE IV-Il

ESTIMATE OF VOLUME OF MINE POOLS AND KILOWATTS OF POWER REQUIRED FOR DEWATERING

Eas tern Middle Field
1974

Power Required for Pumping*(Kilowatts)
Head Volume

Mine Name Level (feet) Gals.xl09 VF-500 500-1 ,000

McCauley Mountain Basin VF-500 84 0.051 2
Gowen #16 Slope VF-500 140 0.248 18
Coxe-Gowen VF-500 126 0.277 18
Caxe-Deringer VF-500 109 0.346 19
Black Ridge VF-500 47 0.160 4
West Woods ide Basin VF-500 41 0.068 2
East Woodside Basin VF-500 74 0.085 4
Upper Lehigh West Basin VF-500 47 0.426 II
Upper Lehigh East Basin VF-500 39 0.026 I
Highland #6 VF-500 46 0.243 6
Pond Creek VF-500 46 0.095 3
Harleigh VF-500 103 0.007 I
Jeddo #7, Fishtail Slope VF-500 42 0.026 I
Cranberry #8, Slope Basin VF-500 161 I .333 lID
Harwood South Basin VF-500 197 0.262 26
Harwood Back Basin VF-500 53 0.054 2
Cranberry #11 Plane Basin VF-500 164 0.660 55
Haz Ieton Bas in VF-500 167 0.266 23

500-1,000 644 0.073 24
Diamond Basin VF-500 167 0.872 75

500-1 ,000 644 0.236 78
Stockton Basin VF-500 167 1.934 165

500-1,000 667 0.539 184
Haz Ie Brook VF-5GO 128 0.481 32
Buck Mountain Strip VF-500 14 0.012 1
Audenreid VF-500 200 1.050 108
Spring Brook VF-500 183 1.390 130
Tresckow VF-500 213 0.342 37
Tresckow #21 Slope VF-500 150 0.531 41
Spring Mountain VF-500 176 0.397 36
Coleraine VF-500 180 0.331 31
Evans VF-500 125 0.097 6
Si Iver Brook VF-500 172 0.957 84

1,052 I 286

* Continuous power required to lower the static pools to the levels of their former lowest workings in a
period of twelve months for each increment of 500 feet.

Source: Prepared by Consultant based on data from U. S. Bureau of Mines Technical Paper 727, 1949.
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TABLE IV-12

EST IMATE OF VOLUME OF MINE POOLS AND KI LOWATTS OF POWER REQU I RED FOR OEWATER 1NG

Southern Field
1974

Mine Name Leve 1
Head

( feet)
Va Jume

Gals.xl0 9

Power Rerzu i red for Pumnina~',(K;Jowatts)
SOO- 1,000- I,SOO-

VF-SOO 1,000 I,SOO 2,000

S7
42
63
58

26

29

27

I,S37

I,S32

SI

109

396 I

I

I

S25

1,407

2,S70

327

lSI

473

83

46

67

81

28

230

16

15

31

171
IS6

338

102

438

23

136

844

SI3

449

4,974

1,078

284

34 I

78

5
78
63

107

99

29

IS

187

57

139

46

6
360

124

36

6
84

330

S

I IS

72

226

2,S93

0.800
0.3 I2
0.400
0.372
0.216
0.012
o.8S2
0.922
0.284
0.393
O.OSI
0.200
0.200
0.040
0.419
2.18S
1.397
0.038
0.040
0.040
0.006
0.6S6
O. IS4
0.423
0.361
0.337
0.287
0.609
0.S18
0.477
o.OS3
1.82 I
2.81S
0.883
0.904
I. 140
0.010
1.332
0.879
o.OS3
0.608
0.092
0.035
0.513
0.396
0.075
0.512
0.403
0.162
0.091
0.077
0.068
0.836
0.OS3
0.407
1.337
0.194
0·739
0.739
0.40
1.246
2.199
2.199
1.7S9

140.0
264.0
306.0
304.5
7S0 .0

1,050.0
318.3
691. S
317.8
7S0 .0

1,024.7
3S4.3
6S1 .6
278.0
393.0
294.6
628.1
262.7
7S0 .0

1,2S0.0
1 ,S38. 7

344.5
S80.3
330.S
SS2.3
330.5
SS2.3
400.0
64S.0
637.0
208.0
387.5
7S0 .0

1,165.0
403. S
7S0 .0

1,017.3
SOO .0
7S0 .0

I ,OS2. S
2S0 .0
S94.9
295.3
296.0
311.0

S84.0
379.0
660 .0
348.0
6S3.0
392.S
660.0
2S0 .0
S92. S
4S0 .S
7S0 .0

1,097.7
7S2.0

I ,2S0.0
I ,6S9.0

3SS .0
7S0 .0

I ,2S0. 0
1,701.5

VF -SOO
VF-500
VF-SOO
VF -SOO

SOO-I,OOO
1,000-1 ,SOD

VF-SOO
SOO-I,OOO

VF-SOO
SOO-I ,000

1,000-I,SOO
VF-SOO

500-1,000
VF-SOO
VF-SOO
VF -SOO

SOD-I ,000
VF -SOO

SOO-I,OOO
1,000-I,SOO
I ,SOO-2 ,000

VF -500
SOO-I,OOO

VF-500
500-1,000

VF-500
500-1,000

VF-500
500-1 ,000
500, I ,000
VF-500
VF -SOO

500-1,000
1,000-I,SOO

VF - SOO
SOO-I,OOO

1,000-1,500
VF - SOO

500-1,000
I,OOO-I,SOO

VF-SOO
500-1,000

VF-500
VF-500
VF-500

500-1 ,000
VF-500

500-1,000
VF-SOO

500-1,000
VF-500

500-1 ,000
VF-500

500-1,000
VF -SOO

500- I ,000
1,000-I,SOO

500- 1,000
I,OOO-I,SOO
I, SOO-2 ,000

VF-500
500-1,000

I,OOO-I,SOO
I ,SOO-2 ,000

Thomas ton

Wes twood

Pine Knot No.1

Good 5pr i n9 No.1

New Lincoln

Pottsvi Ile East

R. Creek and New Frankl in

Glendower

Blackwood
Co I ket
Good Spring No.3

Palmer Vein

Middle Creek

Brooks i de

Eag Ie Hill

Buck Run (Old)
Bun Run (Dam Bas I n)
Lyt Ie

Wi 11 iamstown
Lykens

R i cha rdson

Lincoln

Phoen i x Park

Silver Creek

Otto

Tamaqua S.D.
Tamaqua N.D.
Mary C.
Kaska

Bear Ridge
Pine Forest
Wadesvi lle

;"Continuous power required to lower the static pools to the levels of their lowest former workings in a period of
twe I ve mon ths for each increment of 500 feet.

Source: Prepared by Consultant based on data from U. S. Bureau of Mines Technical Paper 727, 1949.
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TABLE IV-13

EST IMATE OF VOLUME OF MINE POOLS AND KI LOIIATTS OF POIIER REQUIRED FOR DEIIATERING

Wes tern M; ddle Fie ld
1974

Power Reau i red for Pumn;no""',(Ki lowatts)

Head Va 1ume 500- 1,000- I ,500
Mine Name Leve 1 (feet) Gals.xl0 9 VF-500 1,000 1,500 2,000

North Franklin VF-500 279.5 1,503 214

I
500-1,000 536.7 0,062 17

Bear Valley VF- 500 355.0 1.117 203
500-1,000 563.0 0.207 59

Glen Burn VF-500 443.0 0.43 I 98
500-1,000 750.0 1,323 506

1,000-1,500 1,154.3 0.398 234
Cameron "

Neilson VF -500 257.0 0.027 4
500-1,000 750.0 0.013 5

1,000-1,500 1,073.0 0.001 I
Henry Clay VF -500 285,0 1.091 159

500- I ,000 610,3 0.254 79
5t i r1 i n9 VF-500 285,0 1,264 184

500-1,000 563.7 0.132 38
Burnside VF-500 313.0 0.979 156

500-1,000 574.0 0.157 46
Luke Fidler VF-500 315.5 0.337 54

500- 1,000 750 .0 0.306 117
1,000-1,500 1,250,0 0,133 65
1,500-2,000 1,544.3 0,006 5

Roya 1 Oak VF-500 199.3 0.097 10
Buck Ridge No.2 "

Ma inS lope VF-500 311.0 0.162 26
500-1 ,000 563.0 0,020 6

No,7 Slope VF-500 28.0 0.010 0.2
No,4 Slope VF-500 30,0 0,02 I 0,3
Water Tunne 1 VF-500 94.3 0,024 I

Greenback "

Buck Ridge No.1 VF - 500 361.0 0,178 33
500-1,000 653.0 O. I 13 37

Big Mountain VF-500 250.0 0.824 105
500-1 ,000 517.3 0.007 2

Hickory Swamp VF- 500 424.5 0.1 15 25
500-1 ,000 558.3 0.046 13

Colbert VF-500 390.5 o. 153 30
500- 1,000 600,0 0.077 23

Corb j n VF-500 294,5 0.331 50
500-1 ,000 546.7 0.023 6

Excelsior VF-500 287.0 1.288 189
500-1 ,000 529,7 0,040 II

Enterpr j se ;',

Nata 1i e VF-500 343.5 0.952 167
500-1,000 540,7 0.081 22

Hi ckory Ridge VF-500 495.0 0.037 9
500-1,000 51 I. 3 0.055 14

Scott Ridge "

Scott VF-500 283.0 0.957 138
500-1,000 750.0 0.494 189

1,000-1,500 1,043.0 0.022 12
Ri cha rds Wa ter leve J VF-500 297.0 0,118 18

500-1,000 504,7 0.000 I I
GreenoLlgh VF - 500 364,0 0.205 38

500-1,000 615.0 0,093 29
Richads Shaft VF-500 295,0 1,123 169

500-1,000 750.0 0,498 190
1,000-1,500 1,003.3 0.0002 I

Pennsylvania VF-500 324.0 1.698 28 I
500-1,000 750.0 1.023 392

1,000-1,500 1,021.3 0,0 I3 7
Sayre-S i OUX VF- 500

I
336,5 1,664 285

500-1 ,000 531,7 0.089 24
Rel iance
Alaska "

Locus t Gap "

Mid Valley No.1 and No.2 VF-500 33 1,0 0.275 46
500- 1,000 576.0 0.056 16

,
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TABLE IV-13 (CONTINUED)

EST IMATE OF VOLUME OF MI NE POOLS AND KI LOWATTS OF POWER REQU I RED FOR DEWATER ING

Western Middle Field
1974

Mine Name Leve 1
Head

(feet)
Va lume

Gals.xl0 9

Power Renui red for PumninaM;(Ki lowatts) I.

500- 1,000 1,500-
VF-50D I ,000 I ,5DD 2,000,

67

10

68

16

39

13

125

87

14

45

120

50

140

181

122

186

214

303

298

116

313

1,033

360

95

121

86

48
85

166

37
291

216

126

268

144

241

154

284

16

119

460

85

991
482

32

102

97
5

55

206

1.028
0.939

0.301
0.027
D.D22
0.002
2.510
2.587
0.127
0.457
0.167
0.553
0.035
0.193
0.001

0.855
0.051
0.708
0.145

D.077
0.054

0.428
2.097
0.817
0.0003
0.600
0.022
1.062
0.360
1.543
0.777
0.071
1.645
0.008
0.646
0.279
2.374
2.699
0.230
1.245
0.680
1.095
0.473
0.003
0.632
0.315
0.023
2.027
0.614
0.525
0.164
1.633
0.455
0.846
0.392
0.575
0.437
0.0002

287.5
544.3
281.0
602.7

168.3
272 .0
750.0

1,148.3
396.0
516.0
307.0
630.3
261.0
750.D

1,068.0
338.5
508.3
360.5
613.3
380.0
750.0

1,065.0
380.0
617.3
277 .0
750.0

1,015.7
265.5
750.0

1,056.6
347.5
594.7
355.0
592.3
322.0
604.0
333.5
609.7
163.0
380.0
501. 7

410.5
633.3

419.0
596.7

629.3
346.0
750.0

1,056.3
376.5
750.0

1,046.0
290.5
649.7
302.0
542.7
320.0
506.7

VF - 500
500-1,000

VF -500
500-1,000

VF-500
500-1,000

VF - 500
VF -500

500-1,000
1,000-1,500

VF-500
500-1 ,000

VF-500
500-1,000

VF - 500
500-1.000

1,000-1,500
VF -500

500-1,000
VF-500

500- 1,000
VF-500

500-1 ,000
1,000-1,500

VF - 500
500-1,000

VF-500
500-1,000

1,000-1,500
VF-500

500-I,DOO
1,000-1,500

VF -500
500-1 ,000

VF -50D
500-1 ,000

VF-500
500-1,000

VF-500
500- 1,000

VF - 500
VF-500

500-1,000

VF-500
500-1 ,000

500-1,000
VF -500

500-1,000
1,000-1,500

VF-500
500-1,000

1 ,ODD-I ,500
VF -500

500-1,DOO
VF -500

500-1,000
VF - 500

500-1 ,000

Tunne 1 Ridge

Maple Hi 11 East

Pa,k No.1 & 2 and Springdale
Pr ;mrose

Park No.3 & 4
Vulcan Buck Mountain

Keh 1cy Run

Knickerbocker

~j.-'3P1e Hill

St. Nicholas

Grlberton

Kohinoor-West Shenandoah

Bos ton Run

Indian Ridge

Shenandoah City

fiJnnel

Preston No.3

Mahanoy City

Continental Bast

Raven Run

Hammond
Packer No.5
Girard

North Mahanoy

Germantown-Pottsvi Ile

West Bear Ridge

Mid Valley No.3

Weston (Packer No.2, 3 and 4)
O'raper
East Bear Ridge
Lawrence

Central ia

Morea New 60S ton
William Penn

7,088 6,155 589

Indicates no pool volume data avai lable.
Continuous power required to lower the static pools to the levels of their former lowest workings in a period

of twe lve months for each j ncrement of sao feet.

Source: Prepared by Consultant based on data from U. S. Bureau of Mines Technical Paper 727. 1949.
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The computation for the water volume in the Northern Field is as
follows:

Deep Mine Production to date
Estimated Amount Below Pool Surface

3.7 billion tons
3.5 bill ion tons

In-place volume of one ton of coal = 25 c.f.
takes into account normal overbreakage)

(This factor

Volume occupied by deep mined coal = (3.5) (25) = 87.5 billion c.f.

(87.5 billion c.f.) (7.48 ~~~~') = 6511.5 billion gallons

it is stated in Technical Paper 727, Water Pools in Anthracite Mines:

Where mines have been flooded to extinguish mine fires or abandoned
mines have been unwatered the mining records show that the volume
of water contained in the mine workings was 40 percent of the total
original volume of the mine workings that had been flooded whether
the area had been first-mined, robbed, or hand-packed. The figure
of 40 percent is conservative, errs on the safe side and was employed
to determine the quantity of water impounded in all underground water
poo 1sin all fie 1ds .

Subsidence is another factor which would cause a reduction in the volume
left after extraction of the coal, thereby reducing the amount of water con­
tained in the mine voids. It was assumed that the loss in water volume due
to subsidence is accounted for in the 40 percent reduction factor.

Thus assuming a modification factor of 40%:

Northern Field Pool Volume = 0.4(654.5) = 261.8 billion gallons

In order to determine an approximate cost to dewater the field, the pool
is assumed to have the following distribution below the valley floor and
would have to be pumped against the head listed:

Dis t rib uti on Average Power
Depth Factor Volume Static Head Reguirement

VF-500 50% 131 bill ion ga llons 250 feet 16,800 kw
500-1 ,000 40% 104 bill ion ga llons 750 feet 40,000 kw

1,000-1 ,500 10% 26 bill ion gallons 1,250 feet 16,600 kw
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£.2 Infiltrating \.Jater

In addition to the water contained in the abandoned workings the infil­
trating water resulting from rainstorms, etc., must also be pumped from the
mines. In Technical Paper 727, of the U. S. Bureau of Mines, "Water Pools
in Pennsylvania Anthracite Mines", the following statement is made with regard
to infiltration:

The volume of water entering into mine workings during and after any
period of precipitation varies greatly in adjoining basins, and even
in adjoining collieries in the same field,because of differences in
the condition of the strata as affected by the progress of the extrac­
tion of the anthracite, particularly that from the uppermost beds.
The ratio between run-off and infiltration varies for each period of
precipitation in any given area because of variables in the rate of
precipitation, duration of storm, rate of evaporation that depends
upon the temperature and humidity, transpiration dependent on the
season and the amount of vegetable life, status of the water table,
and so on.

Strippings especially contribute to this infiltration of water because
of the removal of overburden and because of the longitudinal extent of
strippings along the outcrop of the anthracite beds. Many fissures
and cave-ins are not visible on the surface because they are hidden
under refuse banks or are partly fil led with dirt; nevertheless these
openings contribute much to water seepage.

We have estimated the amount of infiltration for each of the fields
taking into account the variables in the aforementioned statement. Table
IV-l4 summarizes the data on the size of the fields and the parameters used
for rainfall, evaporation, evapotranspiration and infiltration.



208

TABLE IV-14

ESTIMATE OF INFILTRATING WATER FOR THE VARIOUS FIELDS

Pennsylvania Anthracite Region

Field Northern
Eastern
~1 i dd 1e

Western
Middle Southern

Total Area (Acres) 112,640 21,120 60,160 115,840
Strip Mine Area (Acres) 33,920 8,960 30,080 28,800
Watershed Area (Acres) 78,720 12, 160 30,080 87,040
Maximum Annual Rainfall 54'1 61'1 61 '1 56'1
Evaporation (Strip Mines) 24" 2411 2411 21}11
Evapotranspiration

(\~atershed) 28" 28" 28 11 28 '1
Percent Infi ltration (Strip

Mine Areas) 90 90 90 90
Percent Infiltration (Wa ter-

shed) 60 60
!

60 60
Total Infi ltration (M i 11 ion

ga 11 ons/year) 58,211 14,639 37,244 72,834

Source: Prepared by Consultant.

Over the years the records show that the number of tons of water pumped
per ton of coal produced has varied greatly. During the infancy of the
industry the ratio of tons of water pumped to tonnage of coal produced was
ten or less. During the period from 1944 to 1948 the average ratio for the
entire Anthracite Region was 19. In 1960, the average ratio of tons of
water pumped per ton of coal produced, based on data from 30 reporting inspec­
tion districts, was 78 and in 1970 there were 13 reporting districts and the
average ratio was 81. The maximum for anyone district in 1960 was 513 and
in 1970 it was 831. The lowest ratio reported for either period was 2.3.

At the time of the 1949 study, to accumulate data on the underground
pools, an investigation was made to collect data on the water contained
in abandoned strip mines. As a result, an incomplete list of 141 water
filled abandoned strip mines was compiled. The pools tabulated are those
which are considered permanent and are not connected with any underground
mine pools. The volume of water contained in these pools at the time of
the investigation was 2.3 billion gallons.
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Almost all the coal which will be removed by future deep mIning and that
which will be extracted from deep strip mines will require pumping to main­
tain the working areas.

E.3 Cost of Pumping

Historically, the handling of water in the anthracite mines has been a
costly operation. The capital expenditure to install the pumps is high and
the operating costs can be extremely high depending on the periods of pump
operation.

Using the data on the mine pools as discussed in Section E. I and con­
tained in Tables IV-II, IV-12, and IV-13, and the figures for the infiltration
from Table IV-14, the cost of completely dewatering the four anthracite fields
has been estimated using today's rates for power use. It has been assumed
that the pumping would be continuous over a one year period in order to
arrive at a mean flow rate. The pumping head was determined assuming
that the water would be pumped to the surface from each increment of 500
feet below the surface. AI I of these numbers were then used in the basic
horsepower equation, Hp = yHQ/550e, which has been modified by appropriate
conversion factors and a pump efficiency factor of 70 percent to determine
power requirements in kilowatts. The resulting equation is:

-

P
H
V

=
=

0.512 HV
Static Head
Volume of water to be pumped expressed in billions

of ga lIons

The cost to carry out the pumping operation is based on rate schedule
LP-3 published by the Pennsylvania Power & Light Company and dated January
la, 1974.

Table IV-IS is a summary of the power costs to dewater all the fields.
The table shows the power cost of lowering the static head and the power cost
to maintain the pool at the lower level.
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SUMMARY OF ESTIMATED

TABLE IV-IS ~

COSTS TO DEWATER AND MAINTAIN MINE POOLS II

AT LOWER LEVELS

All Fields
1974

(Costs in Dollars per Month)

Northern
Eastern
Middle

Western
Middle Southern

t=================*============::===========~==========:============I:

*Based on operating
500 foot increment.

**VF = Valley Floor.

$12,000
4,000

STATIC POOL,'~

VF-500,~,I,

500-1 ,000
1 ,000-1 ,500
1,500-2,000
INFILTRATION

$152,000
360,000
150,000

$ 69,000

$65,000 $ 28,000
57,000 54,000
7,000 25,000

$ 7,000 $S3,000 $16~;ggg I
for 12 months to reduce the pool by each

I
Source: Prepared by Consultant.

The cost for pumping the infi ltrating water is constant since it was
assumed that this water would be pumped from the highest possible pumping
level; that is, a point half way between the original static pool and a
depth of 500 feet. The above costs are only for operating the pumps.

F. RELATIONSHIP OF RESERVES TO FUTURE DEMAND

The compilations of the resources for the Southern and Western Middle
Fields show that the coal required to meet the future demand, as presented
in Chapter II I, can be extracted from one of several quadrangles in either
the Western Middle or Southern Fields. Limiting the development of future
mining to a specific area in lieu of scattered operations throughout the
fields would be more systematic and the cost of pumping, treatment and prep­
aration would be reduced.
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An example of a locale in the Southern Field where the market demand
for coal would be met, and the cost of pumping would be low, is a portion
of the Minersville synclinorium. This is located between the town of
Tremont and Minersville Borough in the Minersville quadrangle. This is
an area of 20 square miles which is underlain by an estimated two billion
tons of coal. Plates IV-16 and IV-17 show the structural cross-section
of the Minersville synclinorium.

Plate I 11-2 identified the additional production that would be required
to supply the cumulative increase in demand to the year 1990. The addi­
tional 57 million cumulative tons can be extracted from this area while
achieving a reduction in pumping, treatment and preparation costs. Plate
IV-18 shows the depth required to capture the cumulative demand in the
years 1985, 1990 and 2000. A mining recovery factor of 50 percent was
assumed in determining the depth. The consultant then estimated the amount
of water and the associated pumping costs to drain the water to these
prescribed depths.

There are five major mine pools here containing approximately 10.5
billion gallons of water, and it is estimated that another eight billion
gallons per year enters the mines through infiltration. Table IV-16
shows the cost to pump the water from this area from the various levels below
the surface.

TABLE IV-16

PUMPING COST IN A PORTION OF THE
MINERSVILLE SYNCLINORIUM

1974

Cost to Lower Cost to Pump Total
Depth Static Pool Infiltrating Water Pumping Cost

VF-500 $ S,OOO/month $16,000/month $24,000/month
500-1,000 $17,000/month $16,000/month $33,00O/month

1,000-1,500 $ S,DOO/month $16,000/month $21,000/month

Source: Prepared by Consultant.

The costs computed are based on continuous pumping to dewater each
level of 500 feet in a period of one year and do not include the capital
costs for the pumps, their installation, labor or maintenance costs.
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In addition to the pumping cost, the cost figure to treat the water
before discharging it to the streams would be approximately $0.25 to $0.35
per 1,000 gallons of water treated and includes both capital and operating
costs. The treatment process considered is a centralized hydrated lime
system.
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CHAPTER V - SUMMARY

TECHNOLOGICAL EVALUATION FOR
RESEARCH AND DEVELOPMENT REQUIREMENTS

Surface mining methods in anthracite have successfully adapted the
larger excavators (up to 85 cubic yard capacity) for overburd~fi removal.
Even these machines are, however, restricted to a 1imited economical depth.
Except for some basin surface mining, stripping with present equipment is
confined to about 150 foot depth •.

The past attempts at anthracite deep mine mechanization are reviewed
with respect to advantages, limitations and conclusions. These tests have
shown that anthracite coal can be extracted mechanically at a rate which
exceeds conventional hand mining. In most cases, only a specific piece of
equipment was tested. Exhaustive tests were not always possible due to
mine abandonment, severe water problems in the Northetn Field, or other
factors. None of these developments, however, has been adopted by the
declining industry, except for a limit~duse of longhole mining. In the
Northern Field one company did use continuous miners profitably for a time
until severe water problems forced closure of the mine. However, this was
room and pillar mining on moderate pitches, similar to bituminous mining,
and so not typical to anthracite mining.

"New" coal, that is, from sources other than those being currently
worked, is projected to total 147 mi III on tons by 2000 and 237 mi IIion tons
by 2010. Three scenarios are presented, the first postulating that all new
production is conventional surface mining; the second, all deep pit mining;
and the third, all deep mining.

There are sufficient reserves of strippable coal (that iS r within
150 feet of the surface) to provide projected needs through 2000. Research
is recommended on methods to improve fragmentation of sandston~ andconglom­
erat~e overburden in order to facilitate loading by the smaller (e.g. eight
cubic yard) draglines. Government programs to backfill abandoned strip
mines should be ~oordinated to reduce flow to deep mines and to abateclCid
mine drainage. Development is needed of an economical m~th6d to protect·
trai 1ing cables on electrified equipment. Financial assistance for large
equ i pment purchases is desi rab 1e. . .

I t appears that the technology exists to mine to depths of 2000 feet ..
The problems to.be.resolved aremostly.economic, sociological,:ecolcigical
and legal. Recommended. are: a program of deep driLling< to prove out the
coal reserves; research in rock meehan'ics tostabll ize pit wal1s;and;8
study as to how to solve the water problem. The feasi.bility of mining to



these depths is currently being studied by The Pennsylvania State University.

There is domestic and foreign equipment commercially available which
could be adapted for the deep mining of anthracite coal with increased
safety, and at a rate which would>probably provide the mine operator a
greater return. Various types of equipment are discussed for mine develop-
ment, coal winning, roof support, and transport. The two devices which
appear to. require the least modification are the roadheader and shearer
loader continuous miners.

There are monorail transport systems on the market which will operate
in confined spaces and wiTladapt to anthracite mines with minor modifications.

Research is requ ired to develop a more compos i te mul ti-use cont i nuous
miner (e.g. a miner-bolter system) Which will operate safely in confined
spaces •. A bi-directional. self-advancing hydraulic roof support which will
withstand up to 1000. ton loads and maintain its position on at least a 45
degree pitch is essential for the full development of a shearer loader
system.

It is not anticipated that deep mining can be revived in the next few
years to the extent of providing all the11newll coal requirements .... Produc ..
tion fi.gures were projected to show the antic i pated mi Kof deep, strip, and
combined culm, refuse and dredge production through 2010. The totals for
the 35 year period are 144, 300, and 73 mill iOn tons respectively.

A resurgence of deep mining is recommended. This should be encouraged
now for two principal reaSons, first, to prevent the complete demiseof
this part of theIndustry, with the corresponding loss of skiJls,and,
secondly, because strippable reserves will eventually become depleted and
surface mining may become much more unacceptable than deep mining for
sociological and ecological reasons.

It is recommended that atask force of competent des i gn-m in ing eng i n­
eers from industry and government beappo inted to eval uateand report on
deep mining systems in the United States and overseas. Based on the
findings of this group,theadoption of promising components or new design
concepts should be considered.

A state-of-the-art mine is recommended to demon?trate that equipment
that the Consultant considers the<most promising. This joint industry!
government effort should test a mechanical mining system with the following
as its principal components: . .

1. Deve I opment
Road Header (Coal gangways and rock tunnels)
Rai.se Borer (Ventilation Connections)
Raise Borer (Shafts and airways)
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2. Coal Winning (Short Wall)
Shearer Loader Combine

3. Roof Support
Self-advancing bi-directional hydraulic chocks.

4. Transportation
Monora i I

A cost study is included of a deep mine such as the demonstration
mine. Based on a 152,000 tpymine it is estimated that such a mine will
break even at a run of mine value of $18 per ton. If, therefore, the
price of prepared coal stays above $30 a ton - a good possibility, given
the current state of affairs - the mine should return a reasonable profit.

Hydraulic mining is currently undergoing extensive research and develop­
ment, and a system wh ich wi 11 de 1iver 60,000 ps i to the face is be ing
developed. This equipment, when available, should be tested in a complete
system of hydraulic mining, transport and hoisting in the state-of-the-art
mine.

Because hydraulic mining is in a stage of major development, the
cost and production data is not available to fully evaluate its economic
feasibility.





CHAPTER V

TECHNOLOGICAL EVALUATION FOR
RESEARCH AND DEVELOPMENT REQUIREMENTS

A. OVERVIEW

In the anthracite industry, technological improvements, or the lack of
them, are dependent on many factors and constraints which have been discussed
in previous Chapters. Failure to modernize methods and equipment can
further contribute to the decline of the industry.

Chapter II I has identified the potential markets for the rest of this
century. These markets are predicated upon a product that is available and
competitive. Modernization must occur if anthracite is to compete against
its chief rival in the current fossil fuels picture - bituminous coal.

Anthracite deep mining is in the same position regarding mechanization
as that experienced by the bituminous industry prior to World War II. It
was in the period following the war that bituminous mines were largely
mechanized. Anthracite deep mine extraction methods have not improved sig­
nificantly in 100 years.

Because of the huge reserves, large federal expenditures are now being
made to further automate and develop remote control mining procedures in
bituminous deep mining. Once these procedures are developed and become
fully operational, in perhaps ten years, it will be virtually impossible
(if it is not already) for anthracite deep mining to compete.

The strip mining part of the industry has mechanized to some extent,
but here again modernization is necessary.

B. PAST AND PRESENT STRIP MINE MECHANIZATION

The quarrying of anthracite along the exposed outcrops was the forerun­
ner of strip mining. One of the earliest attempts occurred at Summit Hill
in 1821. The exposures were hand excavated and the material was wheelbar­
rowed or carted to the nearest dumping site.

The development of the Otis type steam shovel at Pittsburg, Kansas, in
1877, signaled the beginning of mechanization in large scale earth moving
activity. The anthracite industry was quick to apply this unique tool to
the outcrops found throughout the region. In fact, the first successful
mechanical coal stripping was in the anthracite coal fields of Pennsylvania.

V - 1
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The development of the pneumatic drill and the introduction of explo­
sives radically improved the ratio of the overburden that could be moved for
each ton of coal won. The development of the churn drill and the diesel iza­
tion of earth moving equipment further enhanced the strip miner1s position.
By 1932 strip production had captured seven percent of the market.

The growth of the strip mine industry was constrained by the fact that
most coal deposits were controlled by large landholders with sizable invest­
ments in deep mine operations. The preservation of crop coal as an effec­
tive barrier to inflows of surface water was essential.

The development of the dragline shovel further reduced the cost of
strip mined coal and allowed a wider operating range at greater depths. A
big increase in strip mining occurred during and following World War II,
as large amounts of coal were needed to fuel the war effort. No reclamation
of the open pits was required during this period.

The environmental damage resulting from the massive earth moving activity
of the past compelled the Commonwealth of Pennsylvania to enact protective
legislation designed to arrest environmental pollution. The requirements
for reclamation, restoration and mine drainage treatment further discouraged
investment in equipment to supply a declining market.

Attempts have been made to increase productive capacity by installing
larger and more efficient equipment. The economy of scale has not been
sufficient to increase the economic overburden/coal ratio beyond twenty
to one. Most small operations find even this ratio unprofitable, and
as a consequence, the more easily won seams are mined to shallower depths.

Anthracite strip mine operators today fall into three categories by
production: Small - less than 20,000 tons per year, Medium - 20,000 to
50,000 tons per year, and Large - over 50,000 tons per year. Their
equipment and methods usually correspond to their size.

Small size strip mine operators (18 in 1973) usually have a straight
front shovel or dragl ine up to the five cubic yard size. Their operations
are confined usually to the thinner seams which are worked at shallower
depths by removing a minimum of overburden.

Medium size strip mine operators (10 in 1973) usually have equipment
(straight front shovel and dragl ine) ranging in size from five cubic yards
to 15 cubic yards. Most of the equipment is diesel powered.

Large size strip mine operators (13 in 1973) usually have equipment
(straight front shovel and dragline) starting at the ten cubic yard size
and ranging upward. The largest in the region is an 85 cubic yard dragline
with a 300 foot boom. Some of the equipment is of the electric powered
walker type. Haul trucks have capacities up to 50 or 62 tons and are of
the end dump type. Front end loaders, in the six and one-half to ten
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cubic yard class, are employed where the overburden is suitable. As dis­
cussed in Chapter I I, these thirteen companies produce the bulk of the cur­
rent strip mine tonnage.

The hard sandstone overburden over some seams is very hard on equipment.
In these cases the dragline is a very durable piece of equipment. One drag­
line (the first of its class manufactured), purchased in 1938, is still
operating. A dragline lasts 75,000 hours or more, whereas a front end loader
might last only lS,OOO hours. However, their costs are quite different. It
also does not mean that the front end loader does not have a use in the anthra-
cite region or that there are not many being used in the region. It does
mean that a particular piece of equipment must be suited to the material to
be excavated and should be operated in the use for which it was designed.

Total capital value of stripping equipment owned by a large operator
may range upwards to $SO,OOO,OOO.

C. PAST DEEP MINE MECHANIZATION TESTS

In the Pennsylvania anthracite industry the attempt to develop deep mine
mechanization is not new. The 1910 Annual Report of the Pennsylvania Depart­
ment of Mines mentions the increasing use of electricity at the collieries
and the development of a coal-cutting machine and electrically-driven drill.
Since that time, undercutting machines, conveying equipment and mechanical
loaders have been widely used. In the late 1940's, 1950's and early 1960's
attempts were made to try different equipment and procedures. According
to Mr. Joseph Corgan, retired U. S. Bureau of Mines, some $7,590,000 was
spent on these tests between 1952 and 1965, administered by the Schuylkill
Haven Anthracite Research Center which was closed in 1965. Other research
and development was carried out by the Pennsylvania Coal Research Board.

In considering potential research and development needs in anthracite
deep mining, it is necessary to review the past efforts and build on the
lessons learned in these tests.

The following is a discussion of the test data extracted from the
reports with test conditions, successes, limitations, and conclusions deter­
mined during the course of the tests. Almost all of the tests were conduc­
ted in the Pennsylvania Anthracite Region. A few are included on steep
pitches in other areas. For complete information see the referenced U. S.
Bureau of Mines' reports. Plates illustrating the equipment follow most of
the descriptions.
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C.l Use of a Continuous Borer 1

C.l.a General Test Conditions

The average thickness of the coal vein was 30 feet, pitching at
15 degrees to 45 degrees. The work was performed in the Mammoth Vein.

The stratigraphic thickness of the overburden was 555 feet and the
average vertical thickness was 650 feet. Overburden consisted of shales,
sandstones, and four coal beds which were not of commercial value. Refuse
partings in the coal bed were irregular in thickness and position, some
varying to three feet in thickness. Crystalline pyritic rock could not
be cut with the borer.

The test was conducted at the Germantown Mine, Raven Run Coal Com­
pany, Ashland, Pennsylvania starting in February, 1958 and continuing
through January, 1960 (361 working days).

The rugged continuous borer was a Goodman Type 420 continuous borer
with head thrust of 38,000 pounds. Two side by side rotating cutter units
geared together are backed up three feet behind the face by a cutter chain
at top and bottom to produce an arch shaped section approximately twelve feet
six inches by eight feet.

Maximum speed (per manufacturer) 48 ipm when cutting coal
Maximum speed 26 fpm when tramming
Weight 40 tons including accessory equipment
Required spray water to machine for cooling the bits and wetting

the dust made by the cutters

C.l.b Advantages

Higher advance rate and production in gangways than with conventional
mining. Gangways could be advanced in any condition encountered 1Nhen they
were kept close to the boundary rock of the bed.

C. 1. c Lim i tat ions

The continuous borer could not operate on pitches over 2] percent
(15 degrees). Since 15 degrees was the lower limit of the pitch of the
coal in the test area, its use was 1imited to driving gangways.

lW. H. Tavenner and J. T. Schimmel, Use of a Continuous Borer in Mining
Pitching Anthracite Beds, U. S. Bureau of-gJnes,-RI 6759, 1966.
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CONTINUOUS BORER AND
LARGE DIAMETER AUGER
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The machine literally filled the work space, causing difficulty in
placing heavy-duty timber, placing cushioning material between the timber
and the coal rib, and in providing space for the normal expansion of the uncut
coal. There was insufficient room to maneuver the machine at the face area,
or for removing it rapidly from a completed gangway. The latter problem
was caused by convergence in the top, bottom, and sides, requiring enlargement
and resupport before removing the borer.

Results fell short of expectations - 18.4 tons per man-day rather
than the 30 tons per man-day anticipated. This was due mainly to 'Iother work ll

averaging 45 percent rather than the 20 percent anticipated. II0ther work ll

included man-days to move the borer from one site to another; retimbering;
repairing gangways; installing conveyors, power lines, and service facil­
ities; moving equipment and supplies to the section; and miscellaneous
unclassified work. Time studies showed an average advancement of '15.5
feet per seven hour shift in the undisturbed area with a boring rate of
four+ ipm. Maximum advancement was 50 feet per shift and 87 feet in any
three consecutive shifts.

It was determined that driving connecting roads between gangways
with the borer was not feasible and primary slope deve10pment in the rock
below the coal bed was substituted, which in part defeated the objective
of eliminating rock work.

In part of the tests some of the gangways driven with the borer
crossed a disturbed area, approximately 200 feet wide, where bumping coal
and rapid convergence was encountered. Forepoles were driven above the
cutting profile when the top was broken. Production was reduced approxi­
mately 40 percent in the disturbed area.

The machine operated on a coal floor that was frequently soft be-
cause of heaving. The main problem was due to convergence. The light­
weight yieldable arches used gave inadequate support to control convergence
which in a disturbed area sometimes occurred with explosive violence. This
exposed the machine operator to a hazardous condition. Since a satisfactory
solution could not be found, the company discontinued the use of a continuous
borer.

C. 1 •d Conclusion

The lightweight yieldable arches used did not control convergence upon
removal of the machine. This, along with inadequate roof control and
insufficient clearance to maneuver in the face area, reduced the perform­
ance of the continuous borer.

The method apparently has potential if the nature of the forces
associated with rapid convergence can be better understood and methods are
devised to adapt to this problem with safety to all personnel. Other prob­
lems to be solved include provision of adequate roof control (which was
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C.2.b

considerably improved when roof bolts were used in the top rock) provIsion
of clearance to satisfactorily maneuver the machine in the face area and
ability to withdraw the machine rapidly. (Average removing time of 50 per-
cent of average advancing time was inordinately high). Perhaps modifica-
tion of newer machines might overcome these problems.

C.2 Use of a Large Diameter Auger 1

C.2.a General Test Conditions

The tests were carried out in the Mammoth Vein, averaging 30 feet thick
and pitching between 15 degrees and 45 degrees.

The overlying strata averaged 555 feet, consisting of shales, sand-
stones and four virgin coal beds. Partings in the bed reached a thickness
of three feet of soft shale. Crystalline-pyritic rock up to eight inches
thick was also encountered. All partings of the bed were penetrated by the
auger.

The test was conducted at the Germantown Mine, Raven Run Coal Company,
Ashland, Pennsylvania, starting in early 1958 and covering 361 working days.
The work coincided with the continuous borer test previously discussed.

As the continuous miner being tested at the same time could operate on
pitches up to 15 degrees only, and as there was insufficient maneuvering
space to turn it at right angles, the auger was used to drive the necessary
ventilation connections between gangways.

Maximum drilling depth: 87 feet (machine rated for 100 feet).
Pitches: minus 45 to plus 90 degrees.
Total weight, drill and power units: 26,000 lbs.
Recorded penetration rate: one inch per minute in hard shale to

nine ipm in shelly coal. Average 3.2 ipm.
Diameter of hole: 24 inches, can. be enlarged to 48 inches by back­

reaming (which necessitates access to the far end of the hole in
order to fit the reamer).

Advantages

The auger was able to drill 45 foot long ventilation openings at the
rate of 18 feet per man-shift (using a two-man crew) compared with 1.6 feet
per man shift by conventional mining. The opening was only three square

lJ. T. Schimmel, W. H. Tavenner and Donald Markle, Jr., Use of a Large
Diameter Au~er ~ Mining Pitching Anthracite Beds, U. S. Bureau-oY-Mlnes,
RI 6135, 19 2.
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feet, compared with 52 square feet, but served the ventilation purpose
adequately.

As the auger was being used in conjunction with a continuous miner,
this speed in cutting was essential in order not to hold up the miner.
Furthermore, in dip drill ing the auger holes could be drilled ahead of the
coal gangways, thus giving ventilation as soon as the gangway met the auger
hole.

The auger was also used as the opening cut for coal to be blasted,
to probe for gas, to determine the nature and extent of unusual pressures,
and for water-infusion experiments. The holes reamed to 48 inches were used
for conveyor transportation, as escapeways or as second openings between
tunnels.

Augering eliminates exposure to the hazards encountered in driving
chute-work by conventional methods.

The 24 inch auger hole was strong in self support compared to conven­
tional chute-work.

C.2.c Limitations

A maximum down pitch capability of 45 degrees could be a problem in
steeply pitching seams.

Since placing and removing blocking for the drill unit requires consider­
able time, the addition of rigidly attached jacks at the four corners would
reduce the need for blocking in setting up the drill unit and thus increase
production.

The heavy scrolls of 140 pounds each would be less arduous and improve
safety for the auger man if they could be reduced to less than lOa pounds.

C.2.d Conclusions

The auger satisfactorily performed all the tasks for which it was pur-
chased. It could also be used, in a limited capacity, as a coal-winning
machine in thin seams or in removing selected portions of a thick bed.
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C.3 Longhole Retreat Mining 1

C.3.a General Test Conditions

Tests were performed in the Southern Field using the Primrose Vein,
which was nine feet thick at the site and pitched 82 degrees. The vein
pinched to about one foot thick approximately 35 to 70 feet above the
gangway.

The gangway had been developed from earlier experimental mining.
Retreat mining using longhole techniques started in June, 1950, and termi­
nated March, 1951.

Initial holes were drilled to 30 foot lengths and loaded with one stick
of dynamite per foot of hole. After initial development of the first chute,
each succeeding shot required that only one hole be drilled and fired.

Loading was attempted using a duckbill loader and shaker conveyor. A
soft bottom rendered the duckbill inefficient and the conveyor was loaded
by removing the gangway sets and starting a gravity feed.

Where drill ing was not necessary it was eliminated.

C.3.b Advantages

Production rates (85 percent recovery) in longhole mining are favorable
with a corresponding reduction in operating costs.

The miner was not exposed to more hazardous conditions and found the
resulting work less arduous.

By controlling the charge, sidewalls would remain intact on steep
pitches.

A minimum of equipment and maintenance is required.

A pneumatic pick hammer proved effective in breaking up large pieces
of material on the conveyor, thus eliminating the necessity to dynamite and
its associated risks.

Low consumption of explosives reduces cost and increases safety.

lAndrew Allan, Jr., and Russell S. Davies, Anthracite Mechanical Mining
Investigations, Progress Rep~l, 'ILonghole Retreat Mining of a Steeply
Pitching Anthracite Bed" , 1952.
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Limitations

The duckbill loading proved ineffective in soft, wet floor conditions.

Rock falls into the battery did cause loading delays.

Falling timber caused delays by jamming the battery opening and stopping
coal flow.

Conclusions

The longhole system proved feasible by recovering 11.4 tons per man
shift and used only 0.12 pounds of explosive per ton of coal.

The method used provides workers with a safe working area by virtually
eliminating the requirement to work under an unsupported roof.

Recovery could approach 100 percent by using rock gangways to convey
materials.

Further examination should be pursued on veins pitching 45 degrees to
60 degrees in order to evaluate the roof stresses incurred.

c.4 Yielding Steel Propsl

c.4.a General Test Conditions

The evaluation was performed within the Northern Field in the Bottom
Red Ash vein. Coal thickness was 76 inches and pitched between ten to
20 degrees.

Testing was conducted at the Wanamie No.19 Mine, Glen Alden Coal
Company, Wanamie, Luzerne County. The test period began in October 1957
and terminated in December 1959.

The overlying strata was hard sandstone layers, totalling 60 feet
thick with total overburden ISO feet. Caving was historically a problem
only when exposed over large areas.

Equipment is described as a friction type yielding steel roof support:

Props were Becorit, Type D, heavy duty friction type.
Carrying capacity rating - 50 tons each at yield point of 0.4 inches.

lRobert J. Brennon, John W. Buch and Edward R. Navrocky, Experimental
Longwal I Mining ~ Pennsylvania Anthracite Mine (In Two Parts), 111. Use of
Yielding Steel Props", U. S. Bureau of Mines, RI 637~1964.
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Weight 180 pounds.
Precautionary cribs were constructed along the break line on six foot

centers, and later ten foot centers.
Prop density installed was 1.29 per square meter before shearing,

including prop-free face, and 2.58 per square meter in the
supported area (maximum possible with adequate working space).

Distance from solid coal to break line was 14 foot 6 inches, later
reduced to ten feet.

C.4.b

c.4.c

Advantages

None.

Limitations

The yielding steel props proved inadequate due to insufficient yield
strengths, irregular prop performance and lack of mobility.

The system as a whole failed to control for breaking the overhanging
roof at the break line supports. The final result was that the roof broke
over the coal and, in effect, destroyed roof continuity in the work area.
The project was then discontinued.

Delays concerning prop advancement were extremely tedious and a hinder­
ing fact to the longwall mining operations, requiring the time of two out
of four shifts in a four foot face advance.

C.4.d Conclusions

The roof load imposed for anthracite on break line supports has, in
effect, exceeded 450 tons per prop installed on four foot centers.

The mine test and bench tests showed that coal dust and corrosion further
reduce friction in yielding steel props.

Self advancing roof supports that will assure a sustained high-load
acceptance over a continuous period of time are essential for mobility and
economic success in continuous mining~
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C.5 Use of a Shearer Loader 1

C.S.a General Test Conditions

The evaluation was held within the Northern Field in the Bottom Red
Ash Vein. The coal thickness averaged 66 inches to 96 inches and was pitched
ten degrees to 20 degrees.

Testing was conducted at the Wanamie No.19 Mine, Glen Alden Coal Com­
pany, Wanamie, Luzerne County. The test period began during 1957 and was
abandoned in 1959 in order not to interfere with the mine1s routine opera­
tions. The work coincided with the yielding steel prop test previously
discussed.

Equipment is described as a European longwall drum cutter loader modified
by replacing the bar and chain assembly with a cutting drum and a top cutting
jib used in conjunction with an armored chain conveyor.

Drum was 36 inch diameter, rotated 68 rpm.
Top cutting jib provided total 56 inch cutting height.
Powered by 110 hp, 440 v, ac permissible electric motor.
Rope tension required was five tons with a nine ton overload.
Traverse speed was variable - 0 to 16.4 fpm.
Employed Bureau of Mines designed dust suppression system of nine spray

nozzles delivering 15 gpm at 500 psi.
Armored chain conveyor rated at 200 tons per hour.
Two foot face advance with each double pass of machine.

234

C.5.b Advantages

When operating at its best, the longwall shearer loader mined 5000 tons
of coal while advancing 65 feet. Shearing along the face averaged 5.2 feet
per minute (2.4 tons per minute). This compares to one bituminous installa­
tion at Sunnyside, Utah, where the the cutting rate was a maximum of 20 fpm,
good cutting 13~ fpm, and hard cutting seven to eight fpm. The main cause
of reduced efficiency was in roof support and not the shearer loader.

C.5.c Limitations

In this longwall project the drum had no ranging capabilities and thus
could not adapt to varying vein thickness, or undulating roof and floor line.
When dipping - it left bottom coal to be taken by hand, and, when rising -

lWilbert T. Malenka and Robert J. Brennan, Experimental Longwall Mining
~~ Pennsylvania Anthracite Mine (In Two Parts), 112. Use of a Shearer
Loader", U. S. Bureau of Mines, RI 6745, 1966.
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the machine would strike rock requiring the jacking and blocking of the
machine. All coal above the 56 inch limits required blasting for removal.
In short, the machine was inflexible.

The top cutting jib would not penetrate a minimum bed thickness in the
upright position and had to be inverted.

Periods of delays during operational time nearly equalled the actual cut­
ting time, due to the shearer riding off the face conveyor, equipment down,
power outages, breaking lumps, adjusting sprays, waiting for cars, etc.
Average time for a two foot face advance cycle for winning and loading coal
was 67 minutes (six percent) for preparation, 186 minutes (17 percent) for
shearing and loading 167 minutes (15 percent) for delays, and 62 percent for
second shift (drill, load, advance conveyor, top coal, supplies, etc.). Over-
all production was 7.7 tons per man-shift, which is not attractive, due mainly
to time-consuming roof support work.

Yielding steel prop roof support systems were a continuous delay problem.
In each four foot advance required for roof support cycle (340 tons), an
average of four seven hour shifts was required, consisting of two shifts for
winning and loading coal (as above) and two for roof support.

C.5.d Conclusions

A ranging cutter head is necessary to fully mine an irregular vein
thickness.

Integral hydraulic lifting jacks were found to be necessary at each cor­
ner of the machine.

Hydraulic props or self advancing roof supports should be used that are
rated in excess of 400 tons and spaced at two-and-a-half to four foot centers.

The dust suppression system could be improved with more nozzles deliver­
ing more water at higher pressures.

c.6 Longwall Mining on 30 Degree Seams 1

c.6.a General Test Conditions

In 1966, this test operation was developed for mining the five foot thick,
30 degree pitch bituminous B seam of the Mesa Verde Formation, Thompson Creek
District No.1 Mine, Pitkin, Colorado.

lAlbert M. Keenan, Longwall Mining of Coal Seams Pitching 30 Degrees, AIME
Paper No.71-F-336, Presented to the Society-or-Mining Engineers-of AIME, Sep­
tember, 1971.
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The equipment used in mining consisted of:

A German Klockner-Ferromatic self-advancing powered roof support
system (double chock), 70 ton rating.

An electric powered, hydraulic operated shearer loader with a 48 inch
diameter cutting drum and 30 inch face.

A double chain armored conveyor was installed along the longwall.

The longwall established was a 320 foot face, advancing an average of
three feet per cut by means of an hydraulic movement which effectively held
the cutting drum to the face.

C.6.b Advantages

Successful longwall advance was performed on a seam inclined at 30
degrees by equipment which was not specifically designed to operate at such
an angle.

Retreat longwall mining proved to be a more ideal method.

A minimum number of development entries is both required and preferred.
One entry on each end of the longwall has been found to be most effective.
Open areas at cross cuts contribute to unsafe conditions.

C.6.c Limi tations

Strike and slope entries were driven manually and would have to be mech-
anized to keep up with the shearer loader. It is most important that strike
entries be driven substantially ahead of longwall face extraction.

Faults and similar geological features proved detrimental to efficient
Iongwa 11 operations and required that a spare longwall face be held in
readiness to insure continuity of production.

Roof stresses which developed at or behind the face were critical
and required constant inspection.

Realignment of the roof supports to provide uniform support after advance
was time consuming.

Dust control is a problem in the vicinity of the cutting drum.

C.6.d Conclusions

Detailed operating statistics were not available, but the production in
the mine increased substantially in the period of experimentation over the
prior room and pillar system.
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Longwa11 mining can be done on 30 degree pitches, and consideration
should be given to seams of lesser or greater pitch.

Entries were not driven mechanical1Y9 but it was concluded that a cut­
ting drum which will cut both coal and bottom rock without changing heads
or power is needed for mechanical driving of entries to give sufficient
height. The same machine could not be used in cross cuts since these
would only be in coal and effective machine transfer could not be made.
The future use of an auger is being considered for cross cuts. The use
of an "Alpine Miner l' of Austrian manufacture is being considered for mine
development of entries.

Hydraulic jets (hydraul ic mining) may be a better means of coal cutting
than either a shearer loader or a planer in the interest of dust suppression,
especially if combined with hydraulic transport.

The more recently developed Klockner-Ferromatic Ferromat 2/4 with a
two frame, four leg supporting unit may be more applicable to pitching seams.
It should aid in essential uniform roof control across the face since the
frames always follow fixed points on the conveyor. Time-wasting realignment
work is thus eliminated.

C.7 Continuous Mining System:

C.].a General Test Conditions

This test was a joint effort by the Coal Research Board (Pennsylvania),
The Pennsylvania State University, and the Blue Coal Corporation.

The evaluation of the mining system was performed in the Norther~ Field.
Blue Coal Corporation installed the equipment in its Wanamie No.19 Colliery
and worked the Bottom Red Ash Vein. The coal averaged seven and one-half
feet thick and pitched 20 to 25 degrees. The depth of cover varied from
350 to 500 feet. Testing commenced about 1968.

The mining system evaluated was the Muniko Miner, a drum-type shearing
machine mounted over armored chain conveyors capable of negotiating 90 degree
bends. The drum is mounted horizontally on a shaft driven by a 125 HP, 440
volt motor and is hydraulically adjustable on a swivel axis for varying
heights. The cutting drum was 14 inches wide, and could cut a section
four foot six inches high.

IG. Mishra and R. Stefanko, Application of ~ Continuous Mining System
~ ~ Medium Pitching Anthracite Bed of Northeastern Pennsylvania, Pennsyl­
vania State University, SR-77, 1970.



RANGING DRUM SHEARER

MUNIKO MINER WITH THE CURVED PANZER CONVEYOR
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The Muniko cut a gangway 15 feet wide and advanced 325 feet until a
roll intruded into the seam and pinched the roof to three feet.

Immediate face support was with two ten-ton Hyjack props.

Ventilation through the intake slope was 43,000 cfm and was sufficient,
except at the face.

It was also planned to test a Miniranger in 1970, but results are not
listed in the report.

C.7.b Advantages

The ranging arm allows the shearing machine to follow the coal vein
undulations and is capable of reaching below the conveyor level to the
floor.

The drum is adaptable to pillar extraction by using modified short
wa 11 methods.

The vein thickness mined may vary from three and one-half feet to
ten feet.

The equipment uses an integrated hydraul ic advancing system which
is advantageous for changing floor and roof conditions.

The machine can negotiate faults up to 40 inches of throw.

C.7.c Limitations

A pinch in the vein to three feet required hand mining and the shifting
of the machine to a new location.

Acid water proved detrimental to machine parts.

The drum frequently cut into rock because of roof and floor undulations.
Bit wear and tear was most significant during the first weeks.

Pyrites in the bed were extremely hard and caused excessive cutter pin
breakage. Coal had to be blasted when pyrites were present.

Dust suppression sprays were not effective in spite of 40 HP, 40 gpm
spray pumps working at 150 psi.

On pitches beyond ten degrees the conveyor had to be held in place
with sprags to prevent it from sliding down the dip.

Heavy inflow from rainfall was difficult to control.
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There were two major breakdowns in the hydraul ic system.

Haulage problems were a limiting production factor.

Setting roof supports was the most time consuming delay incurred.

24·2

C.7.d Conclusions

Limited time and circumstances beyond control did not allow full evalua­
tion of the system and, thus, the tests can only be considered as a prelim­
inary evaluation.

Due to unfavorable geologic conditions and the discontinuance of opera­
tions, the machine ran smoothly for only four weeks out of ten months.

In this period coal was mined continuously at an average of 30.5 tons
per shift (three times the hand mining rate for the mine).

Roof support improvements are necessary for expanded use of the contin-
uous shearing machine. Self-advancing hydraulic chocks may improve delay
time.

Improvements in the cutting power and bit hardness are necessary to
compensate for pyrites and rapidly varying seam thickness.

A closed loop transportation system is essential to maintain a high
rate of advance.

c.8 Pneumatic Coal Planer 1

C.8.a General Test Conditions

The pneumatic planer was evaluated at Plains, Pennsylvania, in the
Lehigh Valley Coal Company's workings. The vein used was the Upper Five­
foot Bed which averaged five feet thickness and pitched zero to 25 degrees
in the test area. The depth of the overburden was 217 feet, and the
immediate cover was 20 inches of strong bony material.

The planer is composed of a pneumatic hammer and knife assembly which
is guided over the face by means of a pulling chain and winch. The
extracted coal is removed by means of a loading scoop which feeds the
conveyor.

IJohn W. Buch, Walter R. Griffith, and John T. Schimmel, Design and
Testing of Bureau of Mines Pneumatic Coal Planer, U. S. Bureau of Mines,
RI 5380, 1957.
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PNEUMATIC COAL PLANER
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The four six-inch knives form a 24 inch blade which is the cutting
surface. A single compressed air line served both the hammers and pushers
at a total 100 psi initially and at 50 psi in later tests. (Effective air
pressure required was 70 psi). The winch developed a maximum 45 ton pull
and the planer travel was 18 feet per minute.

No attempt was made to determine a recovery rate.

No attempt was made to relate the depth of cuts to compressed air
requirements.

24·4

C.8.b Advantages

Design technology for an operational planer is feasible.

The pneumatic planer with rigid cutting blades will cut anthracite coal.

c.8.c Limitations

The planer evaluated was an experimental design model and not one
which is operational.

Cutting could be made in only one direction along the face.

Pneumatic systems would not hold acceptable pressure levels as
testing progressed.

Cutting blades of varying hardness all showed some properties which
were unfavorable.

Bottom coal, one foot high, was left after each pass, and hand removal
was required.

Because the single compressed-air line supplied both the planer and the
pushers, there was no direct control over the air line pressure sent to the
pusher.

C.8.d Conclusions

A complete redesign of the system is necessary to effectively mine coal.

An effective roof support system designed to supplement a pneumatic
planer is required.

There is a need for a continuous miner which will operate safely and
efficiently on hard floors and on pitches varying from 10 to 20 degrees.
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C.9 Induced Caving 1

C.9.a General Test Conditions

The test site was in the Southern Field at a former Philadelphia and
Reading Coal and Iron Company Colliery, where the Bottom Split Hammoth vein
was selected. The vein was 14 feet thick, pitched 70 degrees, and at the
test location extended 328 feet to the surface. Only the first 100 feet
was solid coal, the balance having been mined by the " room and pillar" method.
Fifty percent of the coal remained in the pillars. The tests were evaluated
from August 1951 to June 1952.

Four rock chutes were driven into the test coal from a rock gangway
located 15 feet under the bed. The bed was then undercut to provide an
unsupported area which would accommodate the coal measures after caving
was induced.

After undercutting, the coal was then drilled and fired to induce cav­
ing towards the rock chutes.

G.g.b Advantages

Production for the induced caving averaged 33.5 tons per man per
sh i ft.

There were no lost-time accidents during the study period.

Recovery percentages of coal were high, particularly during the
early recovery shifts.

The top did remain intact because of the steep vein pitch.

Induced caving el iminates the requirement for long slant-chutes in steep
veins.

This method reduces the quantities of dynamite required, the need for
extensive timbering plans, and it concentrates supervisory work almost
exclusively on the gangway and its immediate area.

lAndrew Allan, Jr., and R. S. Davies, Anthracite Mechanical Mining
Investigations, Progress Report No.5, "Recovery of Anthracite in a Steeply
Pitching Bed by Induced Caving 'l , U. S. Bureau of Mines, RI 5013, 1953.
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ANTHRACITE RECOVERY BY INDUCED CAVING
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Limitations

Ventilation during caving is still a problem.

Dilution of the coal by rock from gob areas above the caving probably
did cut off quantities of coal at the chute during final recovery stages.

Subsidence at the surface can be a definite hazard both to safety and
to the environment.

Conclusion

Recovery by induced caving in steeply pitched veins is a valid recovery
method that well exceeds conventional means.

Induced caving has resulted in an excellent safety record, principally
due to the reduced need for dynamite, reduced timbering and hauling suppl ies,
and by concentrating work areas.

Reclamation of surface subsidence will probably be enforced by today1s
laws.

Dilution of coal can probably be prevented by better engineering work­
ings above future induced cavings.

The use of induced cavings and roof supports on flatter veins (45
degrees to 60 degrees) should be evaluated.

C.10 Lightweight Shearing Machines 1

C.10.a General Test Conditions

Tests using selected German mining machines were held in the Southern
Field for the purpose of developing thin, steeply pitched beds. The test
period was from February to August, 1949, and the seam used was the Primrose
Vein, nine feet thick, and which pitched 82 degrees.

Seventy-eight feet of gangway and 108 feet of heading were driven dur­
ing the evaluation.

The equipment used to evaluate the methodology was:

IJohn W. Buch, Andrew Allan, Jr., and Russell S. Davies, Anthracite
Mechanical Mining Investigations, Progress Report !~o.4, liStatus of Bureau
of Mines Underground Experimental Work with Lightweight Shearing Machines
in Pitching Anthracite Beds ' !, U. S. Bureau of Mines, RI 4798, 1951.
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1. Korfmann Universal shearing machine, ~1odel SK-20 1 with modified
caterpillar track mount, is a compressed air-operated, rail mounted, cutting-
shearing machine. It weighs 3,000 pounds and is equipped with a cutter bar
and endless lift-chain. The air~driven turbine motor is rated at 20 HP with
60 psi. Roof and face jacks hold the machine steady during cutting operations.

2. Eickhoff shearing machine, Model DEK2 is a compressed air operated
shearing type using a conventional bar and endless chain cutter design. The
shearing assembly is mounted on a crawler chassis so that the cutter bar and
motor can be rotated 360 degrees about a vertical axis. The model stands
three feet high, weighs 1600 pounds, and cuts a kerf six feet deep, three
inches wide. The cutter motor develops nine BHP at 60 psi and the chain
rotates at 425 rpm.

3. Scraper-Shaker Loading Machlne. 3 The machine consisted of a Bureau
designed hoe-type scraper sl ide attached to a shaker-conveyor and drive trough.
The scraper gathers coal and/or rock from the gangway face and delivers it to
the shaker conveyor drive trough. The drive trough then extends overhead
along the gangway a sufficient distance in order to load a trip of mine cars.
A full face round required ten cars. Therefore the drive trough had to extend
a ten car trip (120 feet).

4. Goodman automatic duckbill loader.

5. Compressed air jack hammers and drills.

C.10.b Advantages

Full mechanization proved to be two and one-half times as fast as con­
ventional methods when compared on a lineal foot advance per shift ba~ls.

IJohn W. Such and Andrew Allan, Jr., Anthracite Mechanical Mining
Investigations, Progress Report No.3, "Prel iminary Testing of Korfma'i1i1 Uni­
versal Shearing Machine, Model SK20", U. S. Bureau of Mines, RI 4794, 1951.

2John W. Buch and Andrew Allan, Jr., Anthracite Mechanical Mining
Investigations, Progress Report No.2, I'Pre1imlnary Testing of Eickhoff
Shearing Machine, Model DEK '1 , U. S. Bureau of Mines, RI 4501, 1949.

3John W. Buch and Andrew Allan, Jr., Anthracite Mechanical Mini~
Investigations, Progress Report No.1, I'Pre11minary Underground Tests of
the Bureau of Mines Scraper-Shaker Loading Machine for Driving Gangwaysll,
U. S. Bureau of Mines, RI 4500, 1949.
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LIGHTWEIGHT SHEARING Mt~CHINES

EICKHOFF SHEARING MACHINE
MODEL DEK
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Costs for extracting the coal mechanically were somewhat more than one­
third those for conventional means.

The coal was machine loaded by conveyor, thus eliminating the necessity
for mine cars and railings. No rock was taken during the experiment.

Timber dislodgement by heavy blasting charges was eliminated.
ing charges were reduced in size 25 to 50 percent.

Blast-

Because of the reduced blasting, the fracture condition of coal at the
working face was found to be safer.

No electricity was required at the face.

C.10.c Limi tat ions

More than 50 percent of cycle time was spent in face timbering work.
The most arduous task in the entire operation was carrying the timbers up
80 degree pitches to the face.

Dust control was maintained by a 500 gallon water tank, under pres­
sure, which fed into single one inch nozzles on each machine. Dust read­
ing was by rule of thumb based on the light pattern from the miner's lamp.

The slide-rod bearings on the shaker conveyors overheated and caused
loading time delays.

Feeding coal from the chute to the shaker-conveyor was still an unsolved
problem, as was a related problem of conveyor spillage in the gangway.

C. 10. d Conclusions

Mechanical mining can be more efficient than conventional hand methods.

Research is required to solve timber handling on steep pitches and on
solving roof support problems in general.

Further study is needed to determine the use of auger or large diameter
drills to place ventilation chutes.

Dust control is still a problem.

Blasting charges can be reduced greatly with more efficient mining
machines.

Solutions to loading and conveying problems are still major goals for
future research, as determined by this test.
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C.l J Second Testing of Brieden Pneumatic Packing~achinel

C.ll.a General Test Conditions

The packing machine used was a Brieden Pneumatic, Model KZR-700, imported
from Germany. It was the same machine used in an earlier Bureau of Mines
test. 2

Ten feet ten inches long
Three feet seven inches wide
Four feet five inches high
10,580 pounds
20 HP motor rated at 60 psi

The test was conducted in the Top Red Ash Bed, Glen Alden Coal Company,
Plymouth, Pennsylvania, starting in November 1953 and continuing through
September 1954.

The coal bed ranged in pitch from flat to 15 degrees with an average
thickness of 6.75 feet.

Refuse material (three inches and smaller) transported from the prepara­
tion plant was used in the packing process. It was blown from the packing
site by compressed air through a six inch diameter pipe an average distance
of 880 feet.

After the plan to recover the pillars in the packing area was abandoned,
the testing of the packing machine stopped.

254

C. 11 •b Advantages

Except for lubrication, there was no machine maintenance expense.

It controls strata movement and insures maximum recovery of coal.

Anthracite refuse appears to be an ideal material for pneumatic packing.

lRalph H. Hhaite, Anthracite Mechanical ~1ining Investigations, IISecond
Testing of Brieden Pneumatic Packing Machinell

, U. S. Bureau of t'1ines,
RI 5273, 1956.

2Clayton A. Landsidle, John C. Hartley, and John H. Buch, Anthracite
Mechanical Mining Investigations, Progress Report No.:..§., "Preliminary Testing
of Brieden Pneumatic Packing Machine", U. S. Bureau of Mines, RI 4978,
1953.
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Pneumatic packing is more economical than any other type of backfilling.

C. 11. c Limitat ions

Because plans were dropped to recover the pillars, there was no observa­
tion of the effectiveness of pneumatic packing for strata control during
pillar recovery.

The major maintenance cost was for the si"x inch round discharge pipe,
mainly at the elbows and bends. Higher-grade stee"' would reduce this.

Performance of the machine was reduced because only 65 percent of the
design air pressure was available.

Pneumatic backfilling has a problem of fitting in with the daily mining
operations.

No economies in the cost of production accrue to the operator from
pneumatic packing.

An insufficient supply of packing material caused several shifts to
reduce their packing rate.

C. 11. d Conclusions

Pneumatic packing offers an artificial strata support, while maximiz­
ing the amount of anthracite recovered after first mining.

A 45 percent shift performance increase was observed when compared with
the pneumatic packer in the first test in 1950.

Except for the pneumatic packer, Germany and Great Britain have abandoned
all other methods of backfilling.

The average packing rate was 36.7 tons per hour with a maximum of 49.5
tons per hour noted.

The effectiveness of pneumatically packed material in controlling sub­
sidence needs to be evaluated.
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C.12 Suspended Monorail Systeml 2

C.12.a General Test Conditions

The test began in 1968.

Installation was at the Thirty Slope Mine Inc., Four Foot Skidmore Vein,
located near St. Clair, Pennsylvania.

The monorail system is manufactured by Scharf GmbH in Hamm, West Ger­
many. The conventional I-Beam was suspended by roof anchorage.

Roof bolts - 42" x 3/411
I-Beam - 2-1/211 x 5-1/211 (103 pound per ten foot length)
Drive Motor - 80 HP
Speed - 600 fps
Length - 1600 feet

The system can follow turns, arcs, and curves of reasonable radii. It
is driven by means of an endless rope. The monorail was installed in the
mine slope.

A six car train was used (18 tons total).

Engineering, research and evaluation sponsor was the former Pennsylvania
Coal Research Board, an agency of the former Pennsylvania Department of Mines
and Mineral Industries (now Department of Environmental Resources).

C. 12. b Advantages

Track and roadway maintenance are eliminated as governing factors in
the transportation system.

The monorail system car can be either floor or roof mounted, both of
which can be installed, advanced, or retreated with ease.

The owner bel ieved that it would be possible for one man to control
operations from loading to dumping with the use of closed circuit television.

lliSuspended Monorail System Provides Effective Hau1age", Coal Mining
and Processing, July 1969, p.38.

2S. Oguz and R. Stefanko, Evaluation of ~ Monorail Mine Haulag~ System,
The Pennsylvania State University, SR-78, February 1, 1971.
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Monorail gives overall dependable service and ease of hauling coal,
supply handling, or riding men.

C.12.c Limitations

Lateral forces are exerted if the haulage rope is not run parallel to the
monorail.

Stable roof conditions are necessary.

C.12.d Conclusions

Monorail systems are expected to take their place in similar installa­
tions, both in anthracite and bituminous.

The next installation of this experimental system was intended to be
an actual production cycle in a mine with thicker eight to twelve foot veins
(Buck Mountain Vein) using a 26 car train on a 4,600 foot run. (However,
it was later reported that, for various reasons, this was not done).

C.13 Hydraulic Coal Mining 1

C.13.a General Test Conditions

The tests of a hydraulic mining system in bituminous coal were conducted
in the Pittsburgh Seam, which averaged 66 inches thick. The site was a
drift mine near West Lebanon, Pennsylvania.

The purpose of the tests was to evaluate the ability to mine coal using
a solid water jet. A 900 HP pump was developed to deliver 300 gpm at
4000 psi. Operators had no previous experience.

The operator was protected from flying coal by a three-quarter inch
multi plate glass shield.

Nozzles were set six inches from the face, then the water pressure,
jet duration period, and cutting angle were varied to determine net
results.

Tests determined that 4000 psi will mine bituminous coal effectively,
using 30 second jet intervals, to a 48 inch depth. (Each test lasted two
minutes and cuts were measured at ten second intervals).

lJ. J. Wallace, G. C. Price, and M. J. Ackerman, Hydraulic Coal Mining
Research: Equipment and Prel iminary Tests, U. S. Bureau of Mines:JR1 5915,
1961.
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C. 13. b Advantages

Hydraulic mining appears to increase production over conventional
methods.

In gassy mines, the system has a distinct advantage over conventional
methods.

At least in this test it was determined that mine drainage water can
be utilized to supply water for pumping (pH 3.4).

The deepest 30 second penetration was 74 inches with a three-eighths
inch 2D nozzle at 4000 psi.

C. 13. c Limitations

Tungsten carbide lined nozzles failed at 3000 psi and were replaced
with high-grade steel.

One-half inch diameter nozzles failed to reach operating pressures.

Bony material near the bottom influenced the undercutting rate. The
more homogeneous the material, the better the cut.

If the bed dips toward the face, water collects at the undercut and
forms an energy diminishing dam.

Operator training is a necessity. The jet stream must be moved at a
fixed rate which will give optimum cutting. Operator visibility is dimin-
ished by water vapor and spray.

Loading the material must be solved. The fine coals were compacted by
the slurry and could not be mechanically loaded.

C.13.d Conclusions

The coal can be mined at high water pressures.

There is an optimum size nozzle for each operating pressure. The
one-quarter inch and three-eighth inch nozzle displayed their best results
when mining was limited to four foot advances.

Mining production decreases as the distance from the nozzle to the face
increases.

A method for recovering fines while they are still in a slurry state
must be designed.
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c.14 Hydraulic Mining of Anthracite: Engineering Development Studies 1

280

C.14.a General Test Conditions

Hydraulic testing commenced in 1958.

The hydraulic "jumbo!1 was designed for maneuvering on pitches of zero
to 20 degrees in any direction. The coalbed thickness ranged from ten
feet six inches to 15 feet.

The Bottom Red Ash Bed of the Sugar Notch mine (former) Glen Alden Coal
Company, Sugar Notch, Pennsylvania, was selected as the test area. Also
considered in this determination was proximity to electrical power, water
supply, existing mine openings, and location where first mining could be
done.

Refuse bands consist of sand rocks and sand slates. The top coal
varies in thickness, while the bottom bench of denser coal increases with
bed thickness up to seven feet.

A vertical, nine-plunger, positive-displacement pump was used in the
study. It was designed to deliver a capacity and working pressure of
300 gpm and 5,000 psi, respectively.

Synchronous Motor
Speed

1,000 HP, 2,300 volt AC
300 rpm

The pump was installed on the surface using fresh water from a utility
main.

Weight of the hydraulic "jumbo" was eight tons.

c. 14. b Advantages

Hydrau1 ic mining is considered to be the most efficient method used in
beds pitching enough for the face to be cleared of broken materials by
gravity.

With hydraulic mining, airborne dust is not present.

IJohn W. Buch, Hydraulic Mininl of Anthracite: Engineering Development
Studies, U. S. Bureau of Mines, RI 610, 1965.
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It was noted that the jet pressurized areas into disintegration
instead of through knife-like cutting. This characteristic is important
in mining anthracite with hard bands of refuse material.

The Use of explosives is eliminated, removing the hazards caused by
blasting.

262

C. 14. c Limitations

Although fresh water was supplied in this experiment, the effect on
the high-pressure pumping system by the use of acid mine water might be an
economic limitation due to corrosive effects. (This limitation on the use
of mi~e water remains to be proven).

There was a problem of removing material broken up by the jet stream
while the "jumbo l

! continued to operate. However, no special device was
warranted until the hydraulic mining method could be proven.

It is necessary to position the jumbo mast three times for a 20 foot
face. However, for a full advance, the undercarriage needs only to be
positioned once in the center of the chamber.

C.14.d Conclusions

Chambers and crossouts were mined out at the following average rates
respectively: 0.821 ton per minute and 0.714 ton per minute. Power
requirements averaged 13.2 Kwh per ton for chamber mining and 16.2 Kwh
per ton for crosscuts.

The effect of water infusion is to be investigated as a means of
increasing the production rate.

Hydraulic mining is considered to be the most efficient method used in
beds pitching enough for the face to be cleaned of broken materials by
gravity.

Economical, highly-productive mining systems must be developed. A
total hydraulic system of mining, transportation and hoisting might be the
answer.
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C.15 Hydraulic Mining Operations and Infusion Tests 1

C.15.a General Test Conditions

The evaluation was performed within the Northern Field in the Bottom
Red Ash Bed, No.1 Tunnel East, Sugar Notch Mine, owned by the Blue Coal
Corporation. The vein is 13 to 15 feet thick and pitches ten to 20 degrees.

The equipment used was a stationary hydraulic "jumbo 'l utilizing a
telescopic nozzle mounted on swivel joints. The experiments were performed
using water with:

Pressu re
Discharge
Jet traverse

3000
200

4

5000 psi
300 gpm

44 ips

Sixty-four separate tests were performed in order to evaluate a selec­
tion of variables by computer and to determine the relative effects of these
variables on a mining rate.

Water infusion tests were also performed to determine elimination of dust
primarily, and, as a secondary function, partial degassing of the working face.
To provide even distribution of water through the coal, holes were drilled
13 to 18 feet deep.

C.15.b Advantages

A jet stream will fracture and dislodge material from a solid face with
virtual absence of dust or ignition sources in an explosive atmosphere.

An integral hydraul ic system of mining and transporting materials on
moderate to heavy pitches appears to offer a potentially productive system
both from a safety and economical viewpoint.

The hydraulic jumbo was flexible with respect to operational settings
concerning nozzle pressures, water volumes, jet traverse, and to some extent
nozzle diameter. The most important factors were found to be pressure­
volume, pattern and jet traverse speed.

Greater latitude in future equipment design is possible since factors
which were found not to be significant included mast setups (positioning
equipment), face advance and jet impact angle.

lWilbert T. Malenka, Hydraulic Mining of Anthracite, Analysis of
Operating Variables, U. S. Bureau of Mines, RI 7120, 1968.

v - 44



264

HYDRAULIC MINING
(At-JALYSIS OF OPERATING VARIABLES)

Plon .... iew showIng n1O!;t-~t up VQnobfe. CHlqh level)

II' •
22'

7'4"
I,

'&....,

I
Guo slider

, ..C ~/", '. I'n :

t;,~ 1:
k,

,". ~"'"
G~ ~ ~~

Guo slider ~ ~. {lr': .'Ii' Op~~~"'" ,

HigIlIev.1 foe. \j ~ f "'" ~
,advonce ' t~J 'i~ Electric motor

Low level foce ~.~ hydro pump
_. ~ :~. \ II'

......, '~i '. '~" I

I COffle'1Of : '": r.. :.~~ ~~;j,._', ~ i i,Gun

r~~.,..!l. r.· . 1.-..·..·.··.i.1.;"".··~.·.·.lh ....~~~ 't~~ ~ :;;,.c.=.
j ....n~ water ppeline

ElllVoIion showincJ 0 3-" and 6-ft foe. odvance

Face AdvGnce and Masf Setup Variables.

----_.........._--{ -.~

I
1.

. ---~---t·:J

(,~._-.

• Cool face
r.)-.----·.- .....--_._._~ .. ,

._...--1.

Vertical polterrl Wit" normal let impact

Face Pattern Variable.

SOl/RCt': Bureau of'Mlnes
Report or /nve.J'1i9'olions 7/eo

PLATE V - 16

v - 45



The coal was mined at rates which varied from 0.3 tons/minute to nearly
1.4 tons/minute depending upon the test parameters. The standard average
was considered to be 0.952 tons/minute.

C.15.c Limitations

The test vehicle was relatively immobile.

It was uncoordinated in that it depended on the telescopic nozzle
in conjunction with swivels to complete a jetting pattern.

Debris and excess water at the face was a continuing problem.

In coalbeds 13 to 15 feet thick, an infusion test prior to hydraulic
mining aggravated the already hazardous condition of falls along the roof
and ribs, causing falls of increasing frequency.

C. 15. d Conclusions

Coal extraction by hydraulic mIning in anthracite appears feasible if
the equipment size, mobility. and performance can be adapted from the lessons
learned in this and other tests.

Roof supports used with hydraulic mining must be developed which are
compatible with the requirements necessary for safe operation of the "jumbo".

Better control methods for handling water and debris in front of the
jumbo must be established. Perhaps hydraulic mining would be more applic-
able to steeper pitches where the coal would Ilrun" from the face.

A horizontal pattern was found to be more effective than a vertical
pattern, probably due to bedding planes and stratification of rock lying
in a horizontal plane.

Jet traverse speeds in excess of 44 ips would probably further increase
the mining rate.

Additional evaluation of water infusion methods are needed. Infusion
at 100 psi gave no reason to expect better mining rates than without infusion.
Pressures of 800 psi might prove effective in areas where slips are not
preva lent.

v - 46



C.16 Development Mining in a Steeply Pitching Coalbed, Roslyn, Washington 1

.
C.16.a General Test Conditions

The hydr;:;ulic mining machine conprised a remote control system and a
monitor mounted on a self-advancing hydraulic roof support unit of the type
commonly used on a longwall face.

The overburden consisted mainly of sandstone, while the floor was
sandy shale.

The test was conducted at the Roslyn No.10 mine, Northern Pacific Rail­
way Company, Roslyn, Washington.

The purpose of the investigation was to evaluate the feasibility of
hydraulic mining on steep pitches.

A triplex, single acting, horizontal plunger pump was used:

300 gpm
4000 psi
800 HP electric motor

266

C. 16.b Advantages

The use of exposives is el iminated, removing the hazards caused by
blasting.

Through the use of hydraulic hose, the operator can control the process
to a maximum distance (60 feet) from the face.

Face dust and electrical equipment are reduced in hydraul ic mining.

Productivity is increased during hydraulic mining of pillars after
first mining.

C.16.c Limitations

The productivity of hydraulic mining was 2.8 and 3.3 tons per man less
than conventional hand mining for raise and room mining, respectively.

IGeorge C. Price and Frank Badda, Hydraulic Coal Mining Research,
"Development Mining in a Steeply Pitching Coalbed-;-Roslyn, ItJashington",
U. S. Bureau of Mines, RI 6685, 1965.
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In development, hydraulic mining is considerably less productive than
conventional mining methods.

During periods of high extraction rates, large lumps of coal could not
pass through the bulkhead of the chute.

The main problem of hydraulic mining in steeply pitching coalbeds is
developing a monitor mounting~

C.16.d Conclusions

Hydraulic mining is best suited to veins in excess of 15 degrees pitch
where natural pitch can be used to transport the coal.

Economically speaking, the experiment was unsuccessful because the
productivity for conventional methods was higher than the hydraulic mining.
However, productivity was satisfactory for a development test, and a machine
was developed for USe on steep slopes.

Areas to be improved are methods of roof support, transportation,
and the handling of supplies,

The self-advancing roof support unit was practical and effective in
mounting the monitor in steeply pitched beds. The unit could be developed
further to increase its mobility.

C.17 Hydraul ic Transport of Coal l

C.17.a General Test Conditions

The objective of this experiment was to study those factors affecting
the transportation of a coal-water mix through a centrifugal pump and pipe­
line, e.g. flow characteristics, pressure drop, size distribution, and
degradation of coal.

Bituminous lump coal (minus two inch - Pittsburgh Seam) was used in con­
centrations up to 48 weight-percent.

A pipel ine arbitrarily chosen as three times the top size of coal,
or six inches, was used in the test.

IArnold P. Pipilen, Murray Weintraub, and A. A. Orning, Hydraulic Trans­
port of Coal, U. S. Bureau of Mines, RI 6743, 1966.
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C. 17.b Advantages

268

Hydraul ic transportation reduces the number of injuries that occur dur­
ing coal haulage by mechanized transporters.

There is also a reduction in coal dust hazards by using hydraulic
transport.

There are possible economic advantages if water needs to be pumped from
the mine site or in conjunction with hydraul ic mining.

C. 17. c Limitations

There is a problem of coal size degradation for bituminous coal, caused
by damage in the pump and abrasion in the pipel ine. Degradation was increased
in the pump by higher rotative speed, and decreased by higher linear flow rates.
Degradation has an effect on its marketability, depending on the importance
of size to the consumer.

The flow rate is very sensitive to coal concentration and the density of
sol ids.

In a special test the high density particles, comparable to high ash
coals (specific gravity 1.8 instead of normal 1.3), had a velocity 85 - 90
percent of the lower density particles.

C. 17.d Conclusions

An optimum concentration of 36 percent by weight was found to deliver
the most coal in the system investigated.

A similar but different optimum was found to minimize the energy require­
ment to move a ton of coal.

A system of recording sound intensities was developed for determining
flow and segregation patterns present in the coal-water system.

In this test it was determined that a maximum rate of 70 - 80 tons
per hour of coal is possible through a six inch diameter pipe.

D. ALTERNATIVE METHODS OF WINNING ANTHRACITE

D.l Introduction

Plate 111-2 shows that, by 1990, some 57 mil lion tons of coal have to
be mined from sources other than present operations. From that date on,
nine million tons a year of this " new ll coal is predicted, giving a running
total, from 1975, of 147 million by 2000,237 mi Ilion by 2010, and so on.
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The next three sections of this Chapter postulate three different
possibilities for recovering coal reserves - that all mining will be done
by conventional surface mining, all by deep stripping, or all by deep mining.
The purpose of studying these alternatives (or I'scenarios'l, to use a currently
popular term) is to analyze the possibilities of anyone method alone providing
all the increase in production (new coal) for the foreseeable future (25 to
50 years), and so determine where research and development effort may most
effectively be applied. All alternatives assume that the market projec-
tions will be attained and that markets will be assured.

D.2 First Alternative - Conventional Surface Mining (Stripping)

By surface, or strip, mining is meant the recovery of coal by first
removing the overburden then excavating the seam. Such operations In the
Anthracite Region today are usually 1imited to about 150 foot depth, although
some operations are considerably deeper than this. Current production
by this method is approximately 3.2 million tons a year.

Estimates of strip mine reserves for a specific operator are difficult
to analyze. Most operators have Ilreserves'l in view for seven to ten years,
but these reserves tend to go up as the sale price increases. There are
few virgin areas left for stripping, although there are previously worked
properties that are available for sale or lease.

Areas previously deep mined are often marginal for strip mining. Deb-
ris is mixed with the excavated seams, and other portions of the vein are
lost in the open breasts when strip mining the pillars. The result is that
the operator in, for example, an area that was 50 percent deep mined, usually
gets only 40 to 45 percent recovery through the breaker. As a result of
an improved market and corresponding price increases, these marginal pits
are now being reopened. The same situation holds true for the thinner
seams, areas having elevated ground water tables and seams with greater over­
burden ratios.

In the above type of extraction, the operator may confine his draglines
and/or shovels to sizes from five cubic yards to 18 cubic yards. One large
operator with this type of equipment is doing Iisecond" stripping at a depth
of 130 feet from the existing ground surface in areas that were deep mined
many years ago, excavating the first 40 feet by shovel and the next 90
feet by dragline.

Other areas being surface mined are relatively flat synclinal basins.
With favorable economic ratios entire basins of coal can be removed, approach­
ing 100 percent extraction. The result is more 1ike the Ilareali mining in
bituminous coal, rather than strip mining or "contourll mining. Sometimes
these basins will not have been deep mined due to poor roof conditions, a
situation that can be ideal for surface mining with large front-end loaders
and trucks; however, these sites are the exception rather than the rule.
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Strip mining of deeper basins is now being conducted, usually in the
thick ~lammoth Vein. Some of these operations are down to depths in excess
of 400 to 600 feet. Usually, electric walker draglines are used with bucket
sizes ranging up to 85 cubic yards. These operations are quite large
and will extend for many years. Two such operations are the Jeddo Stripping,
mined by the Jeddo Highland Coal Company, and the Greenwood Stripping in
Panther Valley (east of Tamaqua). The former has an estimated life in
excess of 20 years or more. The latter was recently sold to the Bethlehem
Steel Company and reportedly has total reserves of 150,000,000 tons.

The availability of large tonnages of anthracite reserves will depend,
not so much on planned rates of extraction, but on the surface use of the
land. The development of residential communities, shopping centers, and
industrial parks beyond town limits, wil I discourage any attempt to mine
within these built-up areas. As this growth continues, local zoning ordi-
nances will increasingly reflect the attitudes of the inhabitants. Even
today, a considerable amount of strippable coal is unmined due to being
located in developed areas.

State Game Land purchases in recent years have also encroached sub­
stantially on potential anthracite producing areas. Attempts to obtain
permission to mine these areas have not been successful.

Another consideration is that the diverse ownership of surface and
mineral properties discourages the necessary large scale planning and the
investment capital that will be required for assembling sizeable blocks of
land.

It has been calculated in Chapter IV that there are approximately
993 million tons of " s trippable" coal remaining in the Region. Assuming
60 percent of this is under towns or otherwise cannot be feasibly strip
mined, then 400 million tons is a practical recovery figure. Again, this
figure allows for maintaining much the same production methods as today.
Should it prove feasible to strip mine much deeper than at present, and
still remain economically competitive, then the " s trippable" reserves could
be considerably more than the 993 million tons.

Without any appreciable change in the three mi Ilion tons per year produc­
tion from culm and refuse banks, stripping would have to increase to 14 mil­
lion tons a year to meet the projected demand of 17 mil lion tons a year in
the 1990's, if there were no deep mining. As Table I I 1-2 shows, it will
take some years to build up this demand, and the 400 million tons, allowing
for losses in the preparation process, should be sufficient until about the
year 2000 without any dramatic improvement in recovery methods.

In expanding production to this scale, many of the smaller strip areas
will become exhausted and operators will be forced to buy or lease additional
acreage.
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Even though the industry supply has not met the demand of the last few
years, few operators have expanded their operations. In view of the market
uncertainties they are cautious of investing heavily in new equipment and
prefer to increase the operating time of their present equipment. The six
day week is common, and the larger draglines are on three shifts. Smaller
equipment may operate on one to two shifts per day.

Before there can be an expansion of the surface mine industry~ confid­
ence has to be restored. A 28 cubic yard dragline that cost $1,800,000
several years ago now costs $4,500,000. Only the large metropolitan banks
can finance this type of transaction and they show a reluctance to fund what
may be a "dying" industry. An operator may have to pay five points over
prime rate to obtain a loan~ and will understandably be reluctant to do so.
However, smaller equipment, such as bulldozers, trucks and front-end loaders,
are more easily financed by local banks.

It is interesting to note that some surface mine operators state that
little governmental research and development is needed for equipment, as
most of the equipment developed for the large bituminous surface mining
industry can be applied to the anthracite fields. Development of some aux­
iliary equipment may be required. For example, one operator reported a
problem with trailing cables from electrified equipment. Development of
economical protection methods are needed from the standpoint of safety.

One problem encountered in heavy sandstone and conglomerate overburdens
results from inconsistent fragmentation. Large pieces of rock require a
considerable amount of unproductive time to handle with the equipment nor­
mally used in the smaller stripping operations.

Anthracite strip mining costs might be reduced by applying techniques
and equipment (as discussed below) used in 'Western coal and ore mining.
Some of this equipment might require modification for use in the Anthracite
Region.

Conventional surface mining could, therefore, meet the demands for
anthracite for the next 25 years. The technology of extraction exists.
Some solutions to problems discussed earlier include: reduction in pumping
costs, restoration of confidence by establishing a steady demand, some help
in financing by guaranteeing loans, an understanding by local governments
of the need to win this coal and their cooperation by appropriate planning
and zoning, and cooperation by the State and Federal Governments in applying
the environmental and reclamation regulations with reason.

None of these are insurmountable, and conventional stripping is a
viable alternative until the year 2000.
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D.3 Second Alternative - Deep Surface, or Deep Pit, Mining

Deep pit mining involves the taking of a large area of land and system­
atically removing all the coal, by surface mining methods, down to a depth
of maybe 2,000 feet. It will be apparent that this method differs from
conventional anthracite surface mining in the tremendous amounts of over­
burden that have to be removed and, eventually, replaced, as well as the com­
plete disruption of the area being mined.

The Pennsylvania State University currently has a contract with a group
of electric utility companies to study this concept In the Anthracite Region
and to determine its feasibility. It is understood that the report is due
to be published in May, 1975.

The discussion that follows reflects the observations of this Consultant,
and should be regarded as an interim statement pending the results of the
much more thorough Pennsylvania State University study.

As a first step in the area of research needs, a detailed documentation
of seam thicknesses at depth is essential. Despite over 200 years of mining
activity and the competent studies of the State and Federal Geological Sur­
veys, very little definitive information is available on the broad, deep
basins of the Southern and Western Middle Fields, where the greatest concen­
trations of reserves are found.

Although some shallow drilling logs can be recovered from old records,
the dips in a typical syncline are normally projected from the known dips of
past mining. The assumption is made that these dips then intersect at depths
of as much as 3000 to 5000 feet. The thickness of the vein at this depth
adds to the unknown. There is some indication, based on past experience in
shallower mining, that the thickness of the coal in the bowl of syncl ines may
be greater than 'in the flanks.

Estimates based on projections and conjecture will not allow the plan­
ning of large scale deep pit projects; a program of deep exploratory drilling
will identify areas for future development. This deep drill ing is very
expensive, and could be one form of assistance to the industry, perhaps
through the State and Federal Geological Surveys.

Further research is needed in rock mechanics, especially as it appl ies
to slope stabil ity and safety. The stabil ization of pit walls, necessary
for the protection of men and machinery, may require the removal of inordin-
ate amounts of material beyond the pit area. The possible effects of pin-
ning or bolting should be investigated. The safety benefits are obvious.

In most strip mining, the initial financial burden is high since no
coal is extracted for a considerable period of time. These costs would be
greatly magnified in deep pit mining, as will the reclamation costs for the
ent ire pit.
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Another problem of some magnitude would be that of water, with the
attendant costs of pumping and treatment. One form of assistance might be
the state/federal pumps which were supplied to the industry some years ago.

Perhaps the greatest problem might be sociological. The movement of
people, dwellings, roads, trees, fields and so forth will have a tremendous
impact on the lives of the inhabitants.

The ideal situation would be coal veins of significant thickness inter­
cepted about every 75 to 100 feet of depth, so that economic ratios of over­
burden to coal hold as the mine is developed to greater depths. The result­
ing pit would resemble an ore mine in the West, with benching at each vein
intercept.

The parallel to the deep stripping being conducted in West Germany is
frequently mentioned. However, there are several very important differences.
At the West German sites they have an easily excavated friable overburden and
lignite deposits that are 150 to 200 feet thick. 1 In the Anthracite Region
much of the overburden material is a conglomerate or dense sandstone which
is extremely hard on equipment and costly to drill and shoot.

Equipment now in use or under development for the massive excavation of
western coals possibly can be applied or adapted to large scale anthracite
deep pit mining.

Recent increases in shovel sizes have led to the development of light-
weight aluminum booms. Gas filled tubular booms, in triangular form, allow
reduced weights and immediate warning of structural defects. Faster cycling
times, longer reach and reduced maintenance are cited. Improvements are
being made in electrical power transmission and control. Hoist and crowd
mechanisms have been redesigned to operate more smoothly and accurately.
Improvements in metallurgy and design have increased bucket strengths.
Sophisticated alloys in all components of the system have led to lower main­
tenance and increased operating life.

Off-highway trucks, having capacities of 240 tons, are now being manu­
factured, and would be required to move material much further than in conven-
tional stripping. Increased use of high-strength aluminum alloys has
improved operating efficiencies and capacities. Power trains have been
strengthened while greater attention is being concentrated on electric
wheel drives.

Wheel mounted front-end loaders, with capacities of 24 cubic yards, are
operating today in some areas of the United States. Designers envision the

11'The Surface Mining of Coal", Energy Perspectives, Battelle Mlemorial
Institute, March, 1974.
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use of 50 cubic yard machines in the foreseeable future. The problems of
low tire life and cutting blade wear are being solved. More frequent
use is being made of the loader as a primary tool for overburden removal.
Shovels with innovative front-end geometry are being produced which incorpor­
ate the break-out advantages of the loader with the strength and fast cycle
time of the shovel.

Rotary drills are capable of 17 inch diameter holes, with automated
controls sensing and responding to changing rock characteristics. Stem
lengths of over 50 feet and loading pressures in excess of 100,000 pounds
are being used.

The relatively cheap but effective blasting agents of today are under
constant improvement. Ammonium nitrate-fuel oil (ANFO) mixtures and newly
developed primers are in common use. Metal and gelatin slurries are
improving at a rapid pace and may ultimately provide the degree of fragmen­
tation necessary for an automated earth moving system.

The development of the bucket wheel excavator holds some promise for
improving overburden removal costs. Performance figures of 13,000 cubic
yards per hour are reported. Because of structural deficiencies, present
designs restrict its use to softer overburdens. A redesigned support struc­
ture and an improved conveying system could result in a reduced cost for
anthracite overburden removal.

Dozers are being manufactured in the seventy-five ton, 800 horsepower
range. Equipped with blades measuring twenty-four feet in width, a signifi-
cant reduction in reclamation costs can be expected.

Belt conveyors having capacities of over 100,000 tons per day are in
use. Widths of 60 inches can be ordered from stock.

Pit sited portable crushers are available up to 700 tons per hour.

Counter balanced skip hauling systems for deep pits are in use at many
open-pit metal mines. Using 40 ton cars, capacities of 60,000 tons per day
are reported.

Scrapers are built to load 360 tons of material in one and a half min­
utes, without a pusher. These machines develop over 5,000 horsepower and
ride on tires ten feet in diameter.

It would appear, therefore, that the technology exists or is being
developed to mine on this scale. Apart from the sociological problems
already mentioned, there are those of organization and finance. Companies
or consortiums must be formed that can handle the enormous amount of earth­
moving, and they must be adequately financed, especially to cover the devel­
opment stages prior to recovering any coal.
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Such a program for just one area could be expected to yield all the
"new" coal required for several decades.

This method of winning coal has an attractive potential. A compara-
tively shallow basin could be mined out once and for all, and the land
restored. The present problems of waste piles, acid mine drainage, and
the general blight of most of the region would be removed and attractive
towns and recreation areas could result. Deep pit mining should not be
regarded solely as a method of mining coal but as a great opportunity for
planning and redevelopment.

In addition to proving the economic viability there will undoubtedly
be need for extensive ecological, sociological and legal studies into the
effects of mining at this scale. These needs will be better identified by
the Pennsylvania State University study.

D.4 THIRD ALTERNATIVE - DEEP MINING

Deep mining may be defined as mining performed underground, and includes
drift, slope and shaft mines.

There have been many developments and improvements in underground mine
extraction equipment and methods since the tests reported previously in
this Chapter, and the following is a discussion of several recent and
promising mining systems which may be applicable to anthracite coal mining.

D.4.a Continuous Mining Machines

Continuous mining machines can be divided into two broad classes,
'Irippers" and IIborers ll

• Their use eliminates the cutting, drilling and
shooting cycle required by more conventional mining methods. Rippers are
equipped with coal cutting bits or picks and operate either perpendicular
or parallel to the face. Borers are advanced into the face by defining a
circular pattern of grooves.

A continuous mining system was used successfully on an economical
production basis to mine anthracite coal. However, all work was in the
Northern Field where the relatively level basins allowed room and pillar
mining, closely resemb1 ing bituminous coal mining. It is reported that
the Glen Alden Company experimented with different machines between 1957
and 1966. Some of the most successful equipment included:

2 Joy 4 JCM Continuous Miners
2 Joy 10 RU Universal Cutters
7 Jeffrey 70 UR Universal Cutters
1 Goodman 2410 Universal Cutters

34 Joy 8 BUT Loading Machines
11 Joy 9 SE Shuttle Cars (Rubber tired)
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13 Joy 10 SE Shuttle Cars (Rubber tired)
4 Torkar Shuttle Cars (Rubber tired)

After the initial period of experimentation, the most economically
productive period was 1962 - 1963 when 1,600,000 tons of anthracite were
produced at a prepared cost of $5.88 per ton. The limiting slope for this
equipment was twelve degrees. Since there was a hard floor, rubber tired
shuttle cars worked best. Due to increasing water problems, the work was
suspended in 1966.

In 1968, another attempt was made to evaluate a shortwall continuous
mining system in an anthracite mine (see p.V-20). The experiment was
performed under the most adverse conditions and experienced difficulties
with local mine water impoundments, pyritic intrusions, undulating roof and
high dust levels, and was consequently terminated.

It should be recognized that continuous mining machines have 1imitations,
especially when applied to pitching seams. Except on an experimental
basis, none has ever been used in an anthracite mine. It is apparent that
available continuous mining equipment cannot meet all the requirements for
an anthracite application. There are, however, machines which can be
adapted for special ized uses.

1. Roadheader

The roadheader is relatively new to the United States market and
most of the machines are currently imported from European sources.
They are normally crawler mounted, with a ranging boom, weight from
eleven to 34 tons and have the abi I ity to mine an area from four feet
up to twelve feet high and as wide as 15 feet by means of an articulated
boom. The machines are a more powerful type than that used in the
1969 ranging drum-shearer tests. They normally develop 150 to 230
horsepower, and util ize a ripper-type cutter which reportedly will
break through rock up to 18,000 psi compressive strength. Production
rates are given of 15 to 30 cubic yard/hour in rock and 35 to 70 cubic
yard/hour in coal. The factory cost of the machine is in the $160,000
to $250,000 range.

Manufacturers of these systems claim that because of the ranging
boom the miner displays greater flexibil ity. It can be used as a
tunnel ing machine (el iminating blasting) in soft to medium-hard rock,
and can be used for shortwal I, room-and-pillar, or stope mining methods.
Slopes up to 20 degrees (35 percent) are within the system's current
capabilities.

To modify the roadheader for optimum use in anthracite, a method
for mining on slopes at least to 45 degrees should be developed, and
with the capabi lity of cutting harder rock when necessary. Such a
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machine should establish the desired economies for removing coal from
moderately pitched, medium-thick veins.

Since dust suppression is needed anyway, one intriguing idea is
being developed in the West to combine hydrau1 ic monitors with the
roadheader to cut slots in the coal.

2. Continuous Arc Miner

A continuous arc type miner has been used in recent years in the
bituminous industry for mining thin veins (24 to 48 inches). The
system normally consists of two augers which are mounted in parallel
and driven by separate motors (up to 100 horsepower each). The
machine is pivoted across the face by alternating tension to a system
of ropes which are connected to anchor jacks located on either side of
the room. Coal is recovered by means of conveyors, and the resulting
production has normally been in the 100 ton per shift range.

The manufacturers of such machines have claimed that a significant
advantage to their use is the fact that roof supports can be placed
closer to the working face, fewer temporary supports are required, and
that personnel are not required to expose themselves to unprotected
roofs.

A system of this type has definite advantages to recovering thin
seams along a sync1 ina1 axis and on slopes pitched ten to 15 degrees.
No research has been done on steeper slopes to date; however, because
of the continuous-arc miner's abi1 ity to hold its position by using
self-contained pivoting jacks, its abi1 ity to pull itself up a medium
pitched vein should be considered for further evaluation.

Again, a 100 horsepower motor may not be sufficient to cut through
occasional pyritic seams or partings (even though one manufacturer
stated that there had been no problems to date as a result of rock),
and the cutting bits may require modification to improve their useful
1ife in anthracite coal.

3. The Shearer Loader Combine

Mining the steeper veins, which incline 35 degrees, or more, has
been a traditional problem with anthracite coal. The Pol ish Ministry
of Fuels and Energy has developed a skid mounted shearer loader for
mining thin-veined coal. This shearer is hoisted up the pitch by a
system of pulleys and chains. As it is raised, the cutting drum,
driven by an 80 horsepower motor, extracts a section of coal up to
four feet thick. The coal then falls by gravity to a lower level,
where it is collected by conveyor belts and transported to a mine car
loading station. Timber props are used for roof support, and because
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of the clean, front guide rail and hoisting assembly design, the
miners are able to place props within twelve inches of the working
face. Thus, after a pass has been completed, only five feet or less
of exposed roof occurs at anyone time.

A shearer loader of this type should warrant investigation in
order to determine its benefits for mining the steeper veins. Because
most Pol ish coal is bituminous or lignite and of a more friable nature,
the machine would most 1ikely require some modification in order to
mine Pennsylvania anthracite. These changes would possibly include a
more powerful shearing motor (150 HP or more), drum improvements to
include cutting bits which will be resistant to pyritic seams and
which will excavate rock when necessary, and hoisting revisions in
order to comply with current health and safety regulations.

4. Impact Ripper

Rock tunnel ing is a major factor in the cost of deep mine develop­
ments, and with the concept of coal recovery approaching 100 percent,
rock gangways below the coal bed with rock chutes to the vein are
creating new interests. To supplement existing systems and methods
for rock removal, Britain1s National Coal Board, for one, has been
investigating methods for breaking particularly hard rock strata.
One of the resulting products is the impact ripper. The developers
state that lilt is designed to del iver a high-powered, high-speed
chisel/ripping blow to the rock face." 1 This impact ripper is capable
of being mounted on a variety of platforms and consists of a chisel
assembly which is hydraulically impacted by a hammer-piston assembly,
driving it into the face at several hundred blows per minute. The
more promising machines develop from 1300 to 3000 foot-pounds of
energy and have driven up to eleven feet of rock tunnel per shift.
Rock blasting is eliminated as a tunnel ing method by using the impact
ripper. The system apparently produces relatively small quantities
of dust and sparking. The machine must be used in conjunction with,
or be mounted on, a platform capable of removing the cut material.

The impact ripper can be used in winning coal both as a 1ongwa I I
and a shortwall continuous miner. For these appl ications the ripper
is installed on a walking-type platform and the chisel is suitably
modified for coal. Some of the systems are mounted on swivel heads
and/or booms allowing for maximum maneuverability.

ID. Buntain, !'British Experiment with Prototype Impact Ripping Machines ' !,
Coal Age, March 1974, pp.93-97.
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To date, the impact ripper has not been used in the anthracite
industry. It is a tool that has been developed to overcome problems
inherent in mining hard materials, and should be considered for evalua­
tion as a supplementary mining system as both a shortwall continuous
miner and as a machine for rapid development of rock gangways and
tunnels.

5. Boring Machines

Auger mining is responsible for a significant part of bituminous
production. Although the principle application is for the removal of
coal under surface mine highwalls, the technique is receiving wider
acceptance underground.

Auger mining in the anthracite industry has been evaluated with
an experimental continuous mining system. The capability of the
auger to develop ventilating and supply connections between levels
allowed the continuous mining machine to advance without delay. The
auger has not yet been used in anthracite deep mines for the sole
purpose of winning coal.

5.a Tunnel Boring Machines

The tunnel boring machine (mole) has been used in recent times as
an effective means for cutting rock with compressive strengths to over
30,000 psi. These machines are normally designed to the specifi-
cations of the customer, and have been manufactured to develop tunnels
with diameters from six feet to over 20 feet. In soft rocks the rate
of advance is a primary advantage for its use (up to seven feet per
hour in 1 imestone). Normally, the tunnel walls are left in a condition
which is sounder than can be obtained by blasting. Because of this,
there is a corresponding reduction in roof support requirements.
Personnel are not exposed to hazards associated with conventional
tunneling methods.

The disadvantages to using a mole are primarily its high initial
costs and lack of flexibil ity. If the tunnel to be cut is less than
approximately 5,000 feet, it is conceivable that other means may be
more economical. The mole's sole function is to cut tunnels ~lithin a
specific range of materials. The maneuvering abil ity of a mole is
I imited, in fact one of its sell ing points is its capability to maintain
ali gnment.

The tunnel boring machine has proven its effectiveness in cutting
rock similar to the type found in the anthracite fields. 1 It can be

lKenneth Cox, "Rock Tunnel ing with Moles l' , S.M.E. Mining Engineering
Handbook, Section 10.4, pp.lo-80.
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used to place horizontal rock tunnels from the shaft to and across the
veins, and for developing rock gangways below the coal bed or for a
coal gangway in the coal bed.

The capital cost for a "mo l e" is expensive; a ten foot diameter
machine wi 11 cost about $900,000 and a twelve foot system wi 11 be one
million dollars.

284

The need for such a machine in coal mines is justified if the
proposed tunnel workings are of sufficient length to offset the economics
of conventional methods.

5.b Raise Borers

Raise boring is a method of developing large-diameter holes which
are normally steeper than 30 degrees.

The machine normally works from the surface or at an upper level
in the mine and drills a small diameter pilot hole to a lower level.
Once the pilot hole is completed, a large (up to 20 feet) diameter
reaming head is attached. By using the pilot hole as a guide, the
reaming head cuts back towards the machine. The extracted material
falls by gravity and is loaded at the lower entry.

Raise drills have been designed to provide travelways and connec-
tions for ventilation, material removal and service systems. They
have been used for mining, and several systems for extracting coal are
under development.

There is a U. S. Bureau of Mines study (50122047) in progress to
evaluate raise drills with diameters up to 20 feet, as well as augers,
for mining coal to depths of 300 feet.

Raise drill ing provides a rapid and safe means of developing
shafts or slopes through hard rock and significantly reduces development
costs resulting from conventional shaft sinking methods.

5.c Augers

~ncreasing use is being made of the drilling techniques of today's
augers. Previously, they were used for drill ing ventilation shafts
and connections, and for some coal recovery at strip mines. They are
now being evaluated as added tools for underground mining operations.

Through augering, the Wind Rock Coal and Coke Company in 01 iver
Springs, Tennessee, is mining previously unrecoverable underground
seams. Management hopes to recover approximately 50 percent of these
untouched reserves at the rate of 100 tons per three man shift.
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Auger i ng has the ab iIi ty to econom ica 11 y recover coa 1 in these
hard-to-reach places, but much depends on the efficiency of the operat­
ing crews. Where access can be made, a reamer can be attached and
the hole back reamed to 48 inches for supply connections. Augering
can add considerably to recoverable resources. For these reasons,
augering should definitely be evaluated as a part of the underground
mining operation. However, there is a need for a smaller machine
which would occupy less work space in anthracite headings.

5.d Borehole Drills

Boreholes have been used more frequently for ventilation than for
other purposes. Now in-strata drill ing machines are being used to
drill large diameter holes into incl ined seams of coal. These holes
range in size from eleven inches to fifteen and three-quarter inches.

HoI low drill rods are used to carry compressed air to the drill ing
machine while providing the required thrust for advance. Because of
the bell-shaped bit, the drill does not penetrate harder formations
outside the coal seam, and therefore does not stray from the seam.
Another important characteristic of this operation is that it moves
forward as a single unit because the bit, drilling machine, and drill
rod are directly connected to each other.

A twin version is also possible by having two drill bits in syn-
chronization with air suppl ied by a single dri II rod. The resulting
cross-section would then be twice that of the single drill bit.

Hydraul ic Mining Systems

The development of new, highly-productive, mining systems is necessary
for the revital ization of the industry. A fully integrated system of
hydraul ic mining (mining, transport, and hoisting) might help to answer the
need.

I . Hyd rau I i c Min i ng

A considerable amount of coal is being mined hydraul ically through-
out the world. One of the most successful installations is the
Kaiser Resources Ltd. Mine in Western Canada. The steeply pitching
bituminous seams are being mined by a technique licensed by the Mitsui
Mining Company Ltd., of Japan. The Russian mining institutes have
also reportedly performed much of the early research into this technique.

Mr. Robert L. Marovell i, Chief, Division of Mining Research,
U. S. Bureau of Mines, gave a presentation on hydraul ic mininq, parti­
cularly about the Gneisenau Mine in Germany, at the recent Scranton-
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Anthracite Research Conference,l January 6 and 7, 1975. His remarks
were based on observations by an American study group. They were
informed that the Gneisenau mine was a trial mine for a newer hy-
draul ic mine to be opened next year. Five foot thick bituminous coal
is being mined on a pitch varying from 15+ degrees to 70+ degrees.
Gangways rise at about five degrees, and are spaced at about 50 foot
intervals. Both gangways and final mining are done hydraul ically.
Coal is flumed along the gangways and then down the center slope where
it is pumped horizontally about 4,300 feet to a shaft pumping station,
and then vertically using a two stage centrifugal pump and clear
water. It is reported that a productive rate of 1,000 tons per day
is necessary for the system to be economically feasible. The highest
daily production rate was 800 tons per day in this test mine. The
preparation plant was the bottleneck in the system because it was
unable to accept the quantities of water produced. Roof support was
timber.

Hydraul ic mining has been practiced in the United States for over
120 years, but only since 1958 has research been done on the mining
of Pennsylvania anthracite using this technique.

In an early investigation, discussed previously in this Chapter,
pressures were in the 2,000 to 5,000 psi range for an actual anthracite
mine test. Within this range, though, the rather large diameter nozzles
were causing relatively high flow rates. This resulted in an accumulation
of water and debris at the coal face, while the production rate was not
any better than conventional mining methods.

This and other investigations indicated that, at higher pressures
and lower flow rates, the production rate could be increased while
the water problem was reduced. More important was the fact that the
efficiency cl imbs as the machine is operated at higher velocities.

Advantages of high pressure hydraul ic mining are:

Reduced dust problem
Low maintenance
Potential operating efficiencies
No blasting needed
Coal can be broken into coarser sizes
Spark-producing bits avoided
Shape and size of entry can be controlled

Ipaper entitled "Research and Development for Deep Anthracite Mining".
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One of the biggest problems with hydraul ic mining, or with any
type of mining on steep pitches, is roof control. Time-consuming
wood timbering methods are too costly. A method must be developed to
support the roof, at least temporarily, and then extract the coal on
retreat. Perhaps some variation of marching chocks discussed later
in this Chapter may be adapted to hydraul ic mining.

Another problem is the effect of the acid water on the equipment.
Clear water could be used, but it is much more desirable to use the
water already in the mine. Research is necessary on the use of
noncorrosive material.

Progress in hydraulic mining is going ahead at a rapid rate in
this country and overseas. Developments underway for 60,000 psi
pumps and monitors may be appl icable to the harder anthracite coal.
Additives in the water may assist in agglomerating the water jet to
reduce loss of kinetic energy at the face. Where larger sizes of
coal are not important, emphasis can be placed on "smashing" the coal,
rather than "cutting", resulting in the coal and water running from
the face on steep pitches.

2. Hydraul ic Transport

Especially when coordinated with hydraulic mining, there is a
probable economic advantage of hydraul ic transport of coal as compared
with mechanical transport systems. This can include piping or fluming
with either continuous or hydraul ic mining. Piping could be either
rigid or, preferably, flexible.

A hydraul ic transportation system is now being developed at the
Robinson Run Mine, in West Virginia, by the Consol idation Coal Company.
In this particular system, water is mixed with the crushed coal near
the mine face. The resulting slurry is pumped through an extensible
hose and pipel ine system to the surface.

Coal is usually flumed or piped to the slope or shaft bottom,
where crushing reduces the coarse sizes to a slurry for efficient
pumping by a slurry pump, or else it is injected into a previously
pressurized water line. The hydraulic transport of the coal verti-
cally to the surface is accompl ished through slurry hoisting.

A Japanese company represented by Hitachi America Ltd., New York,
New York, has introduced a machine called a horizontal "Hydrohoist"
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which can handle sol ids of any size that can pass through the feed and
• 1transport pipes.

Not only is economics a big consideration, but a system of hydraul ic
transport is much safer than its conventional counterpart. Second
only to roof falls as a killer, mechanical haulage is a very "unsafe"
way to transport coal from the mine face. Other advantages of the
hydraul ic transport system are the reduction of coal dust, low power
requirement, and a relatively maintenance-free I ife. The only major
disadvantages are the degradation of the coal (at least with bituminous
coal), which can affect its marketability, and the problem of dewatering
at the breaker.

D.4.c. Roof Supports

The most important part of the mining system is the roof support and
control of the surrounding strata. Underground roof supports, especially
those in the advancing coal faces, have traditionally been some method of
timbering (Plates V-22 to V-25). Other methods have been used briefly
without any degree of success. Yielding steel props were employed to
supplement timber cribbing during a 10ngwa11 mining evaluation, but proved
to be inadequate. Hydraul ic chocks were planned in conjunction with a
continuous miner test that was terminated before they could be utilized.
Roof bolt usage is discouraged by present State pol icy. One of the newest
roof control methods, the roof truss assembly, has never been used in
anthracite coal.

1. Self-Advancing Hydraulic Roof Support

This system has been developed by a variety of manufacturers and
is imported from European suppl iers. Currently, there are Ilmarching
chocks 'l which will support up to 1,000 tons and have from four to six
legs. Normally these chocks are employed in the longwall or shortwall
systems at bituminous operations. In this country, they are seldom
used on slopes that exceed ten degrees. Because of the nature of
these mining methods, the supports are designed to advance in one
direction only.

For a marching chock to be used successfully in anthracite coal
on pitches up to 45 degrees (or more), there is a need to develop a
support that will be capable of moving in two directions: first, to
move along the working face as is the practice currently and, second,
to be capable of moving up a steep pitch without tipping or experiencing

IIiHydraulic Coal Hoisting --- In Principle and Practice", Coal Age,
November, 1973.
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hydraul ic failure. Each leg in the chock should be capable of respond-
ing to changes in the roof height independently. One suggestion has
been to further develop the six-leg heavy duty roof supports currently
on the market to provide for lateral as well as forward movement.
The up-slope chock would be capable of moving to the side and position­
ing itself while the two remaining chocks act as both a roof support
and anchor. A self-advancing, self-positioning system of such a
nature would permit the development of an efficient and safe shortwall/
longwall mining method for pitching veins of medium thickness.

There is a self-advancing roof support system on the market which
has not been used to date in this country and which util izes a " s ix­
leg triple-frame support ll

• This form of marching chock could conceiv­
ably meet the requirements for steep pitch longwall mining or could
serve as the basic system needed for further development. The march-
ing chock also appears to be an ideal base for monitors in hydraul ic
mining.

2. Roof Bolts

It has been determined that the use of roof bolts in a situation
where weaker roof members can be tied together will form a beam which
is stronger than the sum of each individual strata acting separately.l
Progress in developing roof bolt designs for anthracite have been
curtailed by the Pennsylvania Anthracite Coal Mine Act and it is a
constraint to any progress in this field.

The use of resin to reinforce bolt anchorage is a recent develop­
ment that has dramatically improved roof bolt loadings in the weaker
shales and coal strata. The resin, which cures in as I ittle as
20 minutes, has held test loads two to three times the load of conven-
tional anchorages with negl igible bolt movement. There have been no
tests in anthracite coal using resin bonds.

Another method for roof control is the roof truss assembly (Plate
v-26). The system uses high-strength steel rods driven at angles into
the roof which are then anchored with expansion shells at a predetermined
depth over the pillar. The rods are then connected to each other,
using turnbuckles, and are stressed under tension. The resulting
effect is to put the exposed rock into compression to counteract the
formation of the pressure arch.

lLawrence Adler, Ground Control in Bedded Formations, Research Division,
Virginia Polytechnic Institute, Bulletin 78, December, 1968.
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The roof truss has been used in Pennsylvania bituminous mines
with excel lent results. In anthracite mining, it is felt that this
form of roof support has great promise in areas where the roof condition
is poor and the open spaces are required to remain exposed for extended
periods of time.

It should be noted that if roof bolting is used in the anthracite
deep mines, problems with the maneuverabi1 ity of the bolting equipment
can be expected. This will be especially true in areas of pitching
veins where the working spaces will be very narrow. A " s ing1e-
purpose ll machine, unless compact, will tend to complicate an already
congested area. Miner-bolting machines developed for bituminous coal
have been tested successfully in a West Virginia Mine. Several
miner-bolter systems are under Bureau of Mines contract for further
development.! None of these systems under study are apparently
designed to install roof bolting devices on equipment suitable for
steep pitch mining. In order to reduce the number of required
mechanical mining systems at the face, it would be desirable to
develop either a shearer loader, roadheader, or similar device which
will tunnel rock, extract coal, install roof supports, and perform
retreat mining under pitching seam conditions.

296

D.4.d Summary

There is a wide choice of systems and components that have a reasonable
potential for being practical and economical in anthracite deep mining.
The next section presents a program.

E. EVALUATION OF RESEARCH AND DEVELOPMENT REQUIREMENTS

This Chapter has discussed all three methods of mining new coal, and
has indicated that all of them are, within 1imitations, feasible to meet
the demands of the future.

In Chapter I I I, predictions were made of the possible growth in anthra­
cite demand through 1990, with consumption remaining constant for the years
1991-2010. Table V-1 shows how this growth may be expected to develop.
The totals through 1990 are compatible with those shown on Plate I I 1-2.
This projection assumes that the combined production from culm, refuse and
dredge wi 11 stay almost constant unti 1 the 1990 1 s, when good qual ity supp1 ies
of these materials will become short. Deep mining can be expected to
expand, but not for a few years because of the constraints discussed. The
balance of the demand must, therefore, be met by surface mining.

!Mining Research Contract Review, U. S. Bureau of Mines, Vo1.V, No.9,
September, 1974.
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TABLE V-I

PROJECTED PRODUCTION

1975 - 2010
Mill ions of Tons

1975 6 7 8 9 1980 1 2 3 4 5 6 7 8 9 1990

Deep 1 1 1 1 1 1 2 2 2 2 3 3 3 3 4 4

Strip 3 4 4 4 4 5 5 5 6 7 7 8 8 9 10 11

Culm, Refuse
and Dredge 2 2 2 3 3 3 3 3 3 3 3 3 3 3 2 2

Total 6 7 7 8 8 9 10 10 11 Ii 12 13 14 14 15 16 17
L-.-.

Subtotals:

1990-2000 2000-2010
Totals Average Average

1975-90 Per Year Total Per Year Total 1975/2010

Deep 34 5 50 6 60 144

Strip 100 10 100 10 100 300

Culm, Refuse and
Dredge 43 2 20 1 10 73

Total 177 17 170 17 170 517

Source: Consultant's projections, as explained in text.

Even in these projections, it is real ized that the development of
surface mining - conventional or deep pit - can be seriously hindered by
the nontechnical sociological, ecological and legal constraints, in which
case deep mining may have to meet more of the demand at earl ier dates than
those shown.
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In any event, a viable anthracite deep mine industry is necessary and
desirable in the future. Therefore, steps must be taken to avoid its
complete demise - with the corresponding lack of skills - such as happened
to the Virginia anthracite deep mining.

The existing industrial base, small as it presently exists, is a
necessary one on which to build. A start on revital ization must be made
now. The following technological improvements and innovations will substan-
tially contribute to this revital ization.

E.l Surface Mining Recommendations

The recommendations for conventional and deep pit surface mining have
been combined because generally they can apply to both types of surface
mining.

Subject to the verification of feasibility by others, notably the
Pennsylvania State University study, it is recommended that, through the
State and/or Federal Geological Surveys, a program be initiated for drill ing
at depth to prove out coal veins in selected areas. The purpose of such
drill ing would be to acquire information needed to prove the economic and
technical viabil ity of this recovery method. This information would
include not only the thickness and qual ity of coal at various depths, but
the type and characteristics of overburdens.

It has been brought out that the significant revital ization of Pennsyl-
vania anthracite 1ies with the util ities. The benefits of this deep
drill ing exploration then might be the difference as to whether or not the
util ities eventually burn mined anthracite coal in quantity.

It is recommended that greater effort be placed on rock mechanics for
stabil ity (and safety) of pit walls and to confine the extent of overburden
removal. This should include newer techniques of rock pinning and other
stabi 1 izing developments. These techniques should be demonstrated as part
of the deep pit mining system.

Developments in improved rock fragmentation would assist in faster
material handl ing. Even with present equipment considerable unproductive
time is involved in handl ing oversized rock. It is estimated that with
the smaller dragl ines frequently used, say eight cubic yard capacity, this
loss of productive time can amount to as much as $75,000 per year for one
machine and operator. This does not include the proportional share of
profit from coal which could have been won during unproductive periods.

The Commonwealth of Pennsylvania has carried out some backfi 11 ing of
anthracite strip pits for acid mine drainage (AMD) abatement. Where
possible, future efforts should also have the additional objective (consistent
with the Pennsylvania Law) and be guided by the need to backfill abandoned
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strip pits above active or potentially active deep mines. This AMD reduc-
tion would serve two current areas of emphasis - energy production and
pollution abatement.

Developments in economical protection for trail ing cables from electri­
fied strip mining equipment (from standpoint of safety) would assist the
strip mining industry.

Sandstone and conglomerate overburdens prevail throughout the Anthracite
Region, but are especially dense in the Southern and Western Middle Fields.
These overburdens are much harder than the mostly shale overburden encountered
in bituminous strip mining.

E.2 Deep Mining Recommendations

The postwar mechanization tests in the region, as discussed, were
helpful in defining the I imitations of the various approaches to mechaniza-
tion. The time required for the tests and readapting the equipment when
necessary indicate that perhaps five to ten years wil I be required to
develop a productive anthracite deep mining system.

Past tests have shown that any system is only as good as its weakest
link - this includes mine development, winning the coal, roof support, and
haulage. A breakdown or slowdown in one element can result in the entire
system being unproductive. All components, as well as the complete system,
then tend to be denigrated.

Recognizing the inabil ity of today's anthracite deep mine industry to
underwrite a meaningful research and development program, governmental
assistance in this direction is essential. The unique demands for a
mechanical extraction-loading-transportation method require a broader look
at worldwide systems operating on steep pitches. If the domestic anthracite
mining industry is expected to contribute to the nation's future energy
needs within a reasonable time frame, existing technology must be adopted
or adapted.

Based on our I iterature search of domestic and foreign development, as
a first step, it is recommended that a task force of competent design­
mining engineers from industry and government, intimately famil iar with
anthracite extraction problems, be appointed to personally evaluate and
report on systems in use in the United States and overseas. Based on the
findings of this group, either adoption of promising components, or new
design concepts should be considered.

It is recommended that these machines be demonstrated to the industry
and to the potential investor. Since productivity per man-day is less
than one-half that of mechanized bituminous mines there is an ample incentive
for such a demonstration. This should follow the usual procedure adopted
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by the Bureau of Mines, that is, a joint industry/Bureau effort.
would be demonstrated in conjunction with operating systems.

Equipment

300

A suitable working mine, preferably in the Minersvil Ie Syncl inorium
(see Chapter IV), should be offered by an operator from the industry in
which to demonstrate the most potentially productive equipment. This mine
should be one of the larger operating deep mines, and capable of expansion
to at least 150,000 tpy (see sample cost calculation for a deep mine of
this size which fol lows). Miners should be suppl ied by the industry and
the maintenance of equipment be performed by the operator. The existing
deep mine industry has reached the point where large companies with capital
no longer exist - the largest deep mine having an annual production of only
90,000 tons per year. Besides research and development, except for smaller
pieces of machinery, governmental funds would be needed to purchase the
larger equipment for the demonstration mine. This investment, if success-
ful, would:

1. Tend to retard the decl ine of the deep mine industry.

2. Benefit the nation over the long term as it turns to coal for
solutions to its energy needs.

3. Encourage and demonstrate to larger well capital ized domestic and
foreign firms (generally not now in the industry) that a modern,
well engineered and equipped anthracite deep mine can be productive
and economic. These might include large companies in the bituminous
field,large ferrous, titanium, or zinc processing firms, or
foreign firms.

4. Encourage the tapping of the deeper coal, where the major reserves
are located.

5. Change the image of the anthracite miner to that of a machine
operator or technician, thus making it easier to attract and hold
skilled manpower.

6. By designing the mine to comply with current standards, provide a
basis for improving deep mine safety.

7. Provide an additional stabilizing influence on the area economy.

Analyzing past research efforts and equipment appl icability, it is
reasonable to consider a systems app!oach to anthracite mechanization.
Conventional methods, whether for development, coal winning or transportation,
can no longer be expected to provide the production required for future
energy needs. Attracting manpower, investment and markets demands a
successfully demonstrated system that will el iminate the hazardous environ­
ment, while producing substantial increases of fossil fuel over the long
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term. Only through the adoption or adaptation of the most promising
components can these goals be realized.

Equipment availabil ity, as discussed previously, is confined to exist-
ing domestic and foreign components. Recent evaluations have not been
made to determine a 'best-fit ' relationship for a complete system. There-
fore, the following recommendations are made.

E.2.a. Recommendations for a Mechanical Continuous Mining System

A mechanical system is being given priority over a hydraulic system
because the basic equipment is mostly "off the shelfll, whereas the hydraul ic
systems are still undergoing considerable development.

It is recommended that a combinatlon of the following equipment should
be tested and evaluated for individual performance and as part of a system.

Preferred Combination of Mechanical Equipment

1. Development:
Road Header (coal gangways and rock tunnels in conjunction
with a roof bolter).
Raise Borer(venti lation connections in coal).
Raise Borer (shafts and airways)

2. Coal Winning (short wall):
Shearer Loader Combine

3. Roof Support:
Self-advancing bi-directional hydraul ic chocks.

4. Transportation:
Monora i I

The roadheader was recommended over the impact ripper because it is
understood to have a higher rate of production. The roadheader is also a
versatile machine which can cut the various gangway sections imposed by
most pitches. The impact ripper is a relatively new machine while many
roadheader machines have demonstrated their capabil ities throughout the
world. (It is reported that roadheaders are being used in development of
over 80 percent of all mechanized headings in the U.S.S.R.).

Raise borers have advantages over augers for cutting ventilation
connections primarily due to the use of rol I ing cutters instead of drag
cutters. No raise borers are accepted as permissible by the Bureau of
Mines but others have stated that the modifications to make them permissible
would not be great. While some augers are permissible, they have not been
developed for confined underground operation. Also there is an advantage
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in using one piece of equipment rather than two (auger and raise borer),
therefore a raise borer is recommended.

The shearer loader combine along with self-advancing hydraul ic chocks
appear to be the most promising combination for continuous mining in steep
pitches.

For transportation, the monorail apparently was successfully tested in
the St. Clair test. More cars should be used to increase the efficiency.
However, it sti 11 has the traditional transportation problem in steep
pitches of 11last car in - first car out". Hopefully a method could be
developed to return cars while other are unloading.

Hydraul ic fluming has promise as a cheap efficient means of haulage.
However, it would appear that there are problems to be overcome at the
shaft bottom with water handl ing, unless it can be coupled in a unified
system with hydraul ic hoisting.

Hydraulic monitors should also be tested for their effect on dust
cont ro 1•

The Task Force might find, or experience might show, that one or more
of the above components were unsatisfactory even after modifications.
Priority choices for other equipment are noted as follows by number. It
will be seen that some items appear under more than one heading due to
their appl icabil ity in other areas:

Alternative Mechanical Equipment

In the event that one or more of the components in the preferred
system prove less than satisfactory, the following equipment should be
substituted, where appropriate, in the order of preference listed.

Development:
I. Impact Ripper (rock and coal)
2. Augers (venti lation connections)
3. Tunnel Boring Machine (rock tunnels)

eoa I \4 inn i ng
1. Impact Ripper
2. Raise Borer
3. Borehole Drills (thin seams)
4. Continuous Arc Miner (thin seams)
5. Augers (thin seams)

Roof Supports:
I. Roof Trusses
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Transportation;
1. Hydraul ic Fluming
2. Hydraulic Piping and Hoisting (rigid or flexible)

Longwall systems are not being recommended for study as they are not
considered practical in the geologic conditions of the anthracite fields.

It is not considered necessary further to evaluate conventional conveyors
and mine trains at this time, but this does not preclude their use in
conjunction with other elements being tested. However, there is a need
for development of an extensible articulated conveyor belt, useful in both
anthracite and bituminous mines. 1

Sample Cost Evaluation for Mechanical Continuous Mining System

The fol lowing cost evaluation is to test the Possible benefits that
might occur by installing a modern mining system ("Preferred Combination 'l

)

in an existing mine such as the demonstration mine. To determine the
economic feasibil ity of such a mine it is proposed to postulate a coal vein
seven feet thick, with small percentages of pyrite material, that is pitch­
ing 45 degrees.

The advance mining system is to consist of two roadheader type continuous
miners to develop gangways within the vein. Two roof bolting systems and
a 24 inch diameter raise borer (for ventilation) will be used in support.

The retreat mining is to be accompl ished using a drum shearer loader
in conjunction with self-advancing, bi-directional hydraul ic roof supports.
Mining is estimated at ten feet per shift, based on, say, 100 feet between
gangways.

The transport system will be developed around a monorail having indepen­
dently controlled mine cars.

Such a mechanical mining operation should extract 675 tons per shift
and util ize 25 men. With a 225 day production year the mine might yield
approxiamtely 152,000 tons.

Development costs are estimated to be $7.50 per ton of coal mined. 2

lCMU/NSF - RANN Workshop on Advanced Coal Technology, October, 1973,
p. 111-28.

2 S. P. Wimpfen, liMine Costs and Control ll
, SME Mining Engineering

Handbook, 1973, p.31.
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Capital costs for production are estimated as:

Advance Mining

2 Roadheader-type miners (250 HP)
2 Roof bolting systems
1 24 inch diameter raise borer (ventilation)

Retreat Mining

1 Drum shearer loader (150 HP)
12 Self-advancing hydraulic roof supports

( 100 ton)

Transportation

Monorail (5000 feet with 30 cars, 150 HP)

Total Capital Costs

Ten Year amortized at 8%, per annum

Annual Operating Costs (225 days at one shift per day)

Labor Costs (25 men x $90/day x 225 days)
Overhead Cost ($1,800/day x 225)
Miscellaneous Operating Costs, Ventilating,

pumping, material, etc. ($1,500/day x 225)

Total Annual Operating Costs

Expenses Incurred to Mine 152,000 Tons

$500,000
150,000
75,000

$275,000

600,000

$506,250
405,000

337,500

$ 725,000

$ 875,000

$ 250,000

$1,850,000

275,500

$1,248,750

Development Costs ($7.50 x 152,000)
Amortized Capital Costs
Operating Costs

Annual Mining Costs

$1, 140,000
275,700

1,248,750

$2,664,450

With the varying average sales value of coal, the returns to be antici­
pated from this operation are as follows:
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Average
Sales Value

Per Ton (ROM) Gross Revenues Gross Costs Net Income

$15 $2,280,000 $2,664,000 $ - 384,000

18 2,736,000 2,664,000 72,000

20 3,040,000 2,664,000 376,000

25 3,800,000 2,664,000 1,136,000

30 4,560,000 2,664,000 1,896,000

The conclusion to be drawn is that such a mine wi 11 break even at a
run-of-mine price of $18 a ton. If, therefore, the price of prepared coal
stays above about $30 a ton - a good possibil ity, given the current state
of affairs - the mine should return a reasonable profit.

It is necessary to demonstrate that such a system will work in the
Anthracite Region and will produce at or above the rates assumed. A
testing of such a system is well justified.

The above example illustrated the feasibil ity of a moderately small
mechanized continuous mining system. Production from this system is not
inordinately out-of-scale with existing anthracite deep mine operations.
It is felt, however, that economies of scale would result from a more
extensive mechanized system capable of significantly larger rates of
producti on.

E.2.b Recommendations for a Hydraul ic Mining System

Recommendations for a hydraul ic system cannot be as definitive as
those for a mechanical system, as equipment is not as standardized and much
of it is still under development. Within these parameters, it is recommended
that the following be tested and evaluated.

Development and Coal Winning

1. Equipment with high pressure nozzles (up to 60,000 psi).
The optimum pressure/volume should be determined.

2. Use of materials that will not be corroded by acid water.

Roof Control

Same priorities as for the mechanical system.
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Transportation

1. Fluming

2. Piping

3. Hydraul ic hoisting to surface.

Preparation

Study methods of handling excess water at surface.

Cost Calculation

The state-of-the-art in hydraul ic mining is changing rapidly.
These changes drastically alter cutting rates, recovery rates, etc. and,
therefore, similar calculations as carried out for a mechanical system
'Nould be highly tenuous. Further research of the hydraul ic system would
establish reasonable production levels from which costs could be determined,
therefore, no attempt has been made to parallel the earl ier calculations.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

The previous chapters describe the various facets of the anthracite
industrY,both from an historical and present day point of view. The prob-
lemsbesetting the Tndustry and the potentials for revitalization can be
summa r i zed as follows.

A.1 Constraints

Anthracite comprises approximately one percent of the total coal re­
serves in the U.S.A.

The anthracite coal veins are, for the most part, steeply pitched and
overburdenedwith hard rock, thus differing considerably from the flat beds
of most of the bituminous coal in the U.S.A.

With thegreatlmprovements made over the years in earth-moving equip­
ment, strip mining has· become the most attractive way of winning new coal.

The methods of coa 1 ext ract ion in deep mines are still very much the
same as 100 years ago. Several items of. newer equipment have been tested in
anthracite mines, but have, generally, either been unsuitable or have
not been adopted for>a va r i ety of reasons, not the 1eas t of wh i ch is econom i c.
In short, no one in the United States has yet adapted or developed a good system
for deep mining anthracite.

The fewutili.. trcompanies that burnanthracite prefer the fine coal.
For this and.foreCopQmlc reasons,theyareqsingculm banks almost exclu-
sively. Envir()nrnen~~lly, thi si sbenefi cial to the region in that i thel ps
to rernove theseeyesQresand restore the land... However, such use Qfwaste
rna teda t does mil itate against .the developrnent oLnew coal.
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Historically, anthracite has been prepared and .marketed in ten size
gradations. Each size means a separate step in the preparation process.
Perhaps more important,eachsi ze means a. separate storage space for washed
coa I. Not only does thi s take up a lot of space, but not a II sizes se II
at the same rate, and frequently slow-sel I ing sizes have.to be sold at cut
rates. An analysis of present ahd potential markets indicates that such
a pro1i fe rat ion of si.zes is notnecessa ry •

The high cost of anthracite, compared with bituminous coal and - until
recently, at any rate-with other forms of energy, has been the main reason
for the near-demise oftheihdustry. From 1972 Bureau of Gensusmaterial, an
average industry value of net sales and receipts of SJ3.32 per ton was
established. Bituminous coal was <correspondingly $7.94 per ton. Coking
coal, on the other hand,averaged $16.. 25 per ton. (Prices later than
1972, for a 11 types of COed ,havebeen heav i 1yd is torted due to the energy
crisis,and itis not felt that comparisons among the various types are
reliable). Even with the possibi 1ities inherent ina changed energy picture,
anthracite is not attractive to many users because its production is so
low. In fact, production is substantially below the demand of even today's
reduced markets.

The lack of cost data posed serious problems for the Consultant in
analyzing the competitive position of the anthracite industry. The opera­
tors w.ere either unable or unwill ing to prOVide cost information, and pub­
I i shed data isi nsuff i c i ent for a good analysis.

With the decline of the industry, there has been a corresponding lack
of interest in producing equipment to burn anthracite. Generally, manu­
facturers have done nothing to upgrade their anthracite firing techniques
for many.years. Much the same can be sa id about home-heat i ng furnaces ­
improvements are vi rtually non existent and many firms have gone out of
business. One estimate is that the boilers fora large power plant would
cost from two to two and a half times their bituminous counterparts.

Most of the production of anthracite is in the hands of a few of the
bi gger compan ies. Genera 11y - but not un i versa 11 y- the producti v i ty,
measured in tons per man day, increases with the size of the organization,
indicating a marked economy of scale.

With the decline of the industry from 50 mil 1ion tons a year a quarter
century ago to barely six million tons annually today, there has been a
corresponding loss of skilled, and unskilled, labor. Most of the experienced
miners who are still alive.are too old to returnto.the mines, and the image
of the industry is low, even intheregion. Prior to the current (January
1975) recession, labor shortages had caused some deep mines to close and
prevented others opening. At present, the s ituat i on is stab iIi zed due
to the return to the coalfields of workers rendered unemployed elsewhere.
Any revital ization wi 1.1 requi re training of new workers.
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Five of the six railroads serving the Anthracite Region are bankrupt
(the Delaware & Hudson Railroad being the exception). The decline in
mining has contributed substantially to this situation. There is consider­
able concern that the railroad reorganizations now being considered by the
u. S. Department of Transportation and the U. S. Rai lway Association wi 11
result in the abandonment of a substantial mileage of trackage and, worse
yet, rights-of-way.

The Mine Enforcement and Safety Administration was established under
the Federal Coal Mine Health and Safety Act, 1969. Certain requirements
of this Act - especially those relating to ventilation, safety catches, auto­
matic couplers and hoisting problems - have been very difficult to comply
with in the anthracite fields, and MESA officials have issued waivers in
some situations on a mine by mine basis.

The Pennsylvania Anthracite Coal Mine Act of 1965 has one requirement
that proves cumbersome in operation; that iS,that an operator desiring
to use roof bolts has to have the approval of three mining inspectors and
written permission from the Commissioner of Deep Mine Safety.

The Pennsylvania Surface Mining Conservation and Reclamation Act, 1971
has one constraint that causes problems in anthracite country - the require­
ment that no slope shall exceed 35 degrees. Much of the bottom rock exceeds
this pitch, and consequently would need to be blasted and flattened, a process
that also requires removing more vegetation than otherwise.

A.2 Potentials

In opposition to the constraints just listed, there are several factors
that would justify a healthy anthracite industry.

The total amount of anthracite still in the ground is estimated at 17
billion tons. This includes pillars etc. in exIsting and abandoned mines
as well as virgin coaL There are ample reserves, even for a greatly
revitalized industry, for severa.1 centuries.

The AhthraciteRegion is located within 150 miles of one-eighth of the
populationoffheUnifedStates, thus making it geographically attractive
to large potential markets.

Severa1.lndusfriesare dependent uponanthracite,mosfly as a raw
material source<oLcarbon rather than as a fuel. • Some electric uti I ity
companies have indicated that they would not preclude anthracite as a source
of fuel if the availability and price were right and the techniques of
burning could be improved.

Anthracite has a low sulphur content,averag ng slightly below the
0.7 percenfTimittowhat can be burned without s lphur dioxide stack
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scrubbers. It has been estimated that these scrubbers can add from $50 to
$100 per installed kilowatt {j.e. $40 million to $80 million on an 800 mega­
watt generating station), and can reduce the efficiency of the plant by as
much as fi fteen percent. Thus anthrac i tedoes have some attract ion for
Users of coal, notably utility companies. There is some disadvantage
in the low sulphur in that electrostatic precipitators do not work as effi­
ciently in removing the fly ash as they would with a higher sulphur coal.

The current (January 1975) shortage of natural gas in northeast Pennsyl­
vania has revived an interest in coal gasification, especially among those
industries such as the Glen-Gery Corporation who depend on gas for their
processes. Gasifiers presently on the market are essentially a 30 year
old design, but several are quite functional and are available to prevent
the shut-down of process industries and extensive unemployment.

During the past year Bethlehem Steel Company acquired the Greenwood
Properties to become the first captive operator in the anthracite industry.
Bethlehem's investment and the unconfirmed, but repeated, reports of financial
interest in anthracite mining on the part of other domestic and foreign
industrial consumers indicate that capital is available to the industry.

Taking the.se facts into account, and assuming some use of anthracite by
the utility industry, a possible demand oJ 17 million tons per year in the
1990-2000 decade is predicted.

The Energy Supply and Environmental Coordination Act of 1974 prohibits,
with certain reservations, any power plant (and permits the prohibition of
other major fuel burning installations) from burning natural gas or petroleum
products if such plant had the capability and equipment to burn coal at the
date of the enactment of the Act. The apparent effect of this Act is
to stop any possible conversion of coal burning plants to other fossil
fuels, thus increasing the potential for the use of coal. More important,
it may bea step towards a national energy policy to burn more coal.

The current (January 1975) price of oil results in an energy equivalent
cost of about $2.00 per million BTU, thus can be equated with anthracite
selling at approximately $51 a ton, a price well within the capabilities
of the industry to meet.

The possibilities for substantial revitalization of the
anthracite industry lie with the utility companies.
Programs and research and development should.be·directed
towards this end.

VI - 4



B. RECOMMENDATIONS

B.l Introduction

As has been noted throughout this report, events affecting the energy
situation in theU~ited States are occurring frequently. These events, for
the most part, are opening up opportunities for the revitalization of the
anthracite industry that should not be lost. These recommendations take
this situation into account, hence most of them call for early action.

It has been shown in Chapter II I that there is a potential market, by
1990, of at least 17 mtllion tons a year of anthracite. It has also been
shown that present production is just over six million tons a year.

There is,therefore,a potential increase of 11 million tons a year by
1990. Table V-I shows the projected production of anthracite by various
mining methods.

An Action Plan has to be developed that will ensure that these markets
are obtained and that the production will satisfy these markets. The
Action Plan has to be feasible and attractive to the anthracite industry,
to present and potential users, and to Local, State and Federal Governments.

Before presenting an Action Plan, there is one major aspect that has
to be discussed. As noted elsewhere, there is considerable uncertainty
as to the future of the anthracite industry. At present (January 1975)
the price of coal is at or near an historic high, but what the future holds
is a matter of deep concern.

A good part of the uncertainty stems from the "lack of a National Energy
Pol icy. This observation has been made by many persons during the gather­
ing of data for the study, and the Consultant's own staff regard the matter
of critical importance.

The basic question the industry is asking is how seriously are we to
take "Project Independence"? Is the country expected to develop its
natural energy resources in order to reduce or e.liminate imports? And how
big a fO lewi 11 coal play? Wi II i t merely be a stopgap measure for, say,
25 years until the bulk ofelectricity generation is by nuclear plants, or
wi II the demand for coal be indefinite?

In spite of this lack of an energy policy, there are some philosophies
that can be expounded ... I.n the present uncertain circumstances, even if
imported oi.lweretobecome Jlcheap" in the near future, it seems unlikely
that the electric utility companies would invest heavily in new oil-burning
plants; surely they would select a fuel where supplies could be more cer­
tain.lf this be so, then coal - meaning bituminous and anthracite - would
be a des i rab lefue.l for severa 1 decades.
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For all power plants that burn coal, anthracite has the great advan-
tage of not needing sulphur dioxide scrubbers. A relaxation of the present
regulations is not beyond the bounds of possibil ity; however, with the
national drive towards a better 'Iqual ity of I ife", it would appear that
such relaxation would be comparatively temporary, in which case anthracite
would still be an attractive choice.

Should these uncertainties be resolved in such a manner as to encourage
the production of anthracite, then the present reluctance to invest in the
industry may be largely overcome.

B.2 Action Plan

This study shows that,without the substantial use of anthracite by
the utilities industry, there is unlikely to be any appreciable growth in
demand.

The action plan must be addressed to making anthracite attractive to
the utilities, and others, by providing adequate long term supplies, by
competitive pricing, and by improving the techniques of burning the coal.

It is anticipated that there will be a strong reaction on the part of
the coal companies to investing in mine development on the scale of 17 mill ion
tons a year without assurances of markets. By the same token, very few
potential users are going to make long term commitments to use anthracite
until they have strong ~vidence of a much improv~d supply.

Therefore, confidence has to be established on both sides.

To achieve this confidence in the anthracite industry, it is necessary
that a twofold action program be initiated that would

- stabil ize the market by pol icy decision

- lower the cost of production and utilization by research and
development

Both actions are, of course, complementary and interrelated.

Policy recommendations relate to governmental and private activities
to stabilize the anthracite market. The initiation of these recommendations
are intended to create an~environment conducive to private and/or publ ic
research and development expenditures.

Research and development programs are designed to improve the com­
petitive position of the anthracite industry relative to alternative energy
fuels and industrial material resources. Successful research and develop­
ment will enable the industry to achieve greater production at lower unit
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costs. Moreover, improvements in combustion technology and research on
anthracite blends could result in lower consumer costs.

The Consultant strongly recommends that both the pol icy programs and
research and development programs be given equal and full consideration, as
it is unl ikely that anthracite revital ization can, in fact, be accompl ished
without these mutual activities.

Plate VI-l indicates the series of actions proposed.

POll CY RECOMMENDATIONS ("Stab iIi ze the Market")

Recommendation I - National Energy Policy

As has been discussed earlier in this section, a long range National
Energy Policy should be formulated and put into effect as soon as possible.
This will provide direction to users, especially the electric utility
companies, which,inturn, would indicate the potential markets that the
anthracite industry could hope to capture.

Recommendation 2 - Stockpiling Program

That the Federal and/or State Governments initi~te a stockpiling
program. Although itis felt that Government intervention in the industry
should be kept to. a minimum, this does appear to be one case where Government
should act as a catalyst to start the revital ization process.

The stockpile would be designed essentially for run-of-mine coal to
avoid unnecessary and costly reprocessing for future sales. A stockpile
of run-of-mine coal would, in addition, reduce the storage requirements as
compared to the separate storage spaces necessary for each of the various
sizes of prepared coal.

It wou Id, however, be necessary to s tockpi Ie some prepared coa 1, as
sales from the stockpile would be prepared to the size specifications of
th~ user and the remaining sizes of prepared coal would have to be stored
for future sale. The storage space of prepared eoa 1s cou 1d be further
reduced, as shown in Recommendation 11, by the preparation and marketing of
anthracite coal into fewer sizes. The present ten size gradations do not
appear to be warranted.

It would be desirable to situate the stockpiTeat or near a centrally
located preparationpJant. Since the anthracite operations are distributed
oVyr480 square miles,. in four fields, more than one. site would be neeess~ry.

Th~maximumnumber.of sites .would be four -one for each of the four fields ­
although lessthanfoursi tes may be> practical.
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The stockpile would serve several purposes. First, it would ensure a
I'market ll for excess coal. Secondly, the growth of a stockpile would be
more of an incentive for, say, utility companies to commit to the use of
anthracite than would other agreements. Third, by maintaining a guaranteed
market at a price 1inked to some cost-of-l iving index or, even better, a
yet-to-be-invented Cost of Energy Index (COEI), there would be a continuing
incentive for producers to maintain long range production. Consumers
would also be assured of supplies at reasonable prices. Fourth, it would
eliminate the effects of the variations in seasonal demand, which, in the
home heating market, are still pronounced. Fifth, the guarantee of a
market would encourage capital investment in the industry.

315

The purchase price of coal for the stockpile should be
at not more than, say, 80 percent of the free market price.
would absorb surplus production, but there would still be a
for producers to sellon the open market. Should the COEI
example, to a reduction in oil prices, then the 'buy' price
would also drop.

set originaily
The stockpi le

strong incentive
drop due, for
at the stockp i 1e

There is, therefore, no guaranteed minimum price for coal, and, if the
price of energy did drop drastically, there could still be problems in the
industry (it is hoped that a National Energy Policy will handle this eventu­
al ity). Alternatively, the Government may wish to set a minimum support
price. The main purpose of the stockpile is to encourage development of
new mines, ensuring that any initial overproduction can be absorbed until
the corresponding new markets have been developed.

It is suggested that the Government would normally sell from the
stockpile at a small profit, say ten percent over market prices, so that
the cost of such an operation would not be a charge on the taxpayers and so
that the stockpile would not compete directly with sales of current production.

Tieing the stockpile price to an energy index would estab1 ish that
additions or reducti9ns.in the stockpile would reflect market conditions.
A "pricing"mechanism of this nature would allay the producers' concern of
possible government action that would arbitrarily effectuate price changes.
In other words,<thestbckpi le price would be IIcon trolled ll by changes in the
demand-supply relationships in the energy market.

It is also suggested that a stockpilesholJld be phased out when a
revitalized industry is operating on asound·free market basis, and the
need for it no longer exists.

It should be nofedthat a coal stockpile program has a precedent in
the Government 's price support and storage of grain that has been in
operation for a number .ofyears. ...It should not be compared with the
several stockpi lesofstrategic materials, which were formed for national
defense purposes and not for the stabilization of supply and demand.
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Low interest or no interest loans and/or long term contracts are
possible alternatives to the stockpile program. With the uncertain state
of the industry, funds at favorable interest rates are not available to the
coal operators, who are only able to procure capital by paying a premium in
excess of the prime interest rate. Government supported loans could
provide fresh sources of investment capital for financing modernization.
By reducing potential losses, operators would have some incentive to expand
their production. However, government supported loans would not directly
improve market stabIlity and, consequently, the incentive to the operator
would be muted.

Long term contracts would, alternatively, effectuate a stable market.
If utilities, for example, are to use anthracite they would need a guaranteed
supply of coal for the life of a generatlngplant, or approximately a
thirty year supply.

Each alternative, or both in concert, require that either the operator
and/or the consumer incur fairly substantial risks. The stockpile, on the
other hand , is intended to create an env ironment that woul d encourage
private investment and produce the incentive for eventual long term contracts.
Therefore, government supported loans or long term contracts would not, at
this time, be sufficient .to substantially reduce the considerable uncertainty
nor to establish the necessary mutual confidence.

Recommendation 3 - Anthracite Mining Authority

That a study be conducted to consider the creation of an Anthracite
Mining Authority. The Authority's principal purpose would be to support
anthracite revital ization through the implementation of this Action Plan
and other recommendations. The study is intended to investigate the
nature, structure, functions and feasibility of such an Authority.
Suggested possibilities are:

Nature: To plan, promote and administer federal/state anthracite
policy and plans.

Structure: (a) Pol icy Board - consisting of representatives of
producers, industrial and uti I ity users, govern­
ment, labor, educat ion and other affected and
interested parties. Representatives could be
appointed by the President and the Governor of
Pennsylvania, similar to the Appalachian Regional
Commission.

(b) Staff for administration, planning and operations.

Functions: (a) Administrati.on of Stockpi Ie Program.

(b) Administration of Anthracite Research Laboratory.
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(c) Administratibn!of Anthracite Demonstration Mine.

(d) Encouraging anJ coordinating the efficient develop­
ment and uses~f:anthracite resources.

(e) Planning and R$search including, but not limited
to:

- expanded use~ of anthracite
- increased Pr9duction of anthracite
- review of ap~licable mining laws
- coal sizes' "
- manpower tra~ning programs

I

Funding:
,

Federal/State partn~rship.

Recommendat ion 4 - Ra i Iroads

All railroad rights-of-way (and iflPossible the trackage) in the
regionshould be preserved for the foreseeable future to allow flexibility
in redeveloping the industry.

Although the condition of rails and rail facilities in the Anthracite
Region is deplorable, further deterioration and, particularly, abandonment
would effectively restrict anthracite r~vital ization. The prohibitive
costs of trucking coal over long distances and the associated environmental
externalities necessitate a viable rail service. It is not only imperative
that rail access be maintained to avoid the closure of presently operating
colI ieries; retention is also critical for the potential expansion of the
industry.

Recommendation 5 - Laws and Legislation

Review the exIsting mining<laws an,q, :iJ justified, introduce legis­
lation to amend these to be moreicomp$~iilblie,with the Anthracite Region.

~~~et::~::~~:::]i::::~:::~:~.,:I~ ::ft~~~lr)~:::~fl:~::::nr~:o::::::i ~~~F

of.the "Advis.o.rvco.mmittee on sa.'.".,.f".et y. $~~.. n9a,.. ,.. rds... fo.. r ..A,..•.. nthraC.ite Coal Mines"

~~~h~~~~~ept~ktkl~e (~6~~U~~6~) j~~ :~~ri~a~ ~.o: :c~:;~~~~~/~~a:e~j:~lV~~ ~~e
or excessive burdens and costs ?~ thel~irMri!adte op;erator. Especially

:~~~~~ti~ec~~~i~;eo~n~b~o:~~~~~}:~~n~~ I!to:ventIation,safety catches,

Pennsylvania,L\nthracite Coal Mint I~c~,i, 1965 -This Act is generally
more compatible withtheanthraGite frqn:lilng ':peculianities than is the previous
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act. Section 271, on the use of roof bolts, should be amended to el iminate
the unnecessarily stringent procedural requirements.

Pennsylvania SurfaceMin~ng Conservation and Reclamation Act, 1971 ­
The maximum angle of 35 degrees allowed at the highwall is difficult and
costly to comply with since the pitches often exceed 45 to 60 degrees.
Relaxation of this requirement to permit steeper pit walls would minimize
extraction and reclamation costs (see Recommendation 8).

RESEARCH AND DEVELOPMENTRECOMMENDATJONS ('ILower Production and Util ization
Costs")

Recommendation 6 - Concentration of mining effort - Minersville Syncl inorium

Concentrate all new mining in one area. The advantages of this are:

Pumping efforts will be mutually supportive and result in much
less pumping than in the case of numerous isolated operations.

Modern preparation plants could serve the entire area.

Return on investment in railroad trackage and/or highways would
be maximized.

Acid mine drainage treatment facilities can be coordinated.

The area within the region that is disturbed at anyone time is
at a minimum, and thus more satisfactory environmentally.

There are several locations where such a concentration of effort could
take place. One suggestion is the Minersville Syncl inorium between Tremont
and Minersville in the Southern Field. The reasons for this choice include:

There are two billion tons of coal reserves within a surface area
of 20 square miles.

A higher ~han average proportion of the coal seams are compara­
t i ve I y f 1at.

These measures probably have considerably less water than most of
the region.

Schuylkill County owns most of the mineral rights, thus simplify­
ing control of development. The County would .also be in a good
position to coordinate any necess~ryzoning change.

This area is then to be mined systematically. First, remove all coal
by stripping down to an econo~ical depth. Then, or at the same time as
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the stripping, the remainder of the reserves, if any, above the valley
floor are extracted by drift or tunnel mines. In both the stripping and
deep mining most of the water problem could be solved by gravity drainage
to treatment plants.

The next stage is to attack the major reserves, that is, those below
the valley floor. These may be removed by conventional stripping, I'pit"
stripping or deep mining. The main problem with these coal measures is
the water. Extensive pumping will be necessa~yat all times. To keep
the infiltration to a minimum,all stripped areaswill be restored as soon
as they have been mined (including any abandoned strip mines). This
restoration will notonly enhance the value of the surface land, but ensure
that surface water is directed into watercourses and does not enter the
strip pits and deep mines unnecessarily. Thus the cost of pumping can be
substantlally reduced.

When deep mining becomes necessary, the method of approach is to sink
shafts located somewhere near the middle of the valley floor, and then
drive tunnels both ways to intersect all the coal seams in the valley.
This coal is either mined on the up or down pitch, depending on what tech­
niques are used. As each level is mined out, the shaftf:s sunk deeper,
another level is developed, and so on.

In this way, the entire resources in the valley will be systematically
removed. The same philosophy of concentration of effort can then be
appl ied to other areas, one at a time.

Recommendation 7 - Demonstration Mine

That a Demonstration Mine be developed to apply new techniques and
equipment. This would be a State of the Art Mine (SOAM) -evolutionary,
not revolutionary.

Administratively, this mine could be operated by the proposed Anthracite
Mining Authority. An alternative is to introduce equipment and techniques
into an existing mine, in which case some form of cost sharing with a
commercial company would be appropriate.

This SOAM would test and evaluate existing equipment, domestic and
foreign, as discussed in Chapter V.E. Some modifications to such equipment
may be expected to enable it to function effectively in the anthracite
conditions.

The Consultant's recommendations for initiatin~J the demonstration mine
proposal areas follows:

a. Create a task force to eva! uate domestic and foreign extraction
developments and .us.es. The task force report would be. directed to
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applying and/or modifying extractive systems that may have successful
application to the anthracite industry.

b. To test the recommendations of the task force and the recommendations
for mechanical mining systems in a suitably selected mine.

Table V-I shows that revitalization of the anthracite industry will
eventually require the expansion of deep mining. In fact, deep
mining may have to meet more of the demand at earl ier dates than shown
in the table, especially if the environmental, legal or sociological
concerns hinder extensive development of surface mining or if new or
expanded anthracite uses are accompl ished beyond those projected. In
either case research is necessary to avoid the demise of deep mining.
Based on the analysis in Chapter V, the Consultant suggests that the
initial efforts in implementing the demonstration mine include the
following continuous mining system:

1. Development
Road Header
Raise Borer

2. Coal Winning
Shearer Loader Combine

3. Roof Support
Self-advancing, bidirectional hydraul ic chocks

4. Transportation
Monora i I

This system seems to be Xhe most promlslng coal-winning combination
for continuous mining in the steeply pitching anthracite veins.

The application of this system in a moderately-sized deep mine operation,
as shown in the sample cost evaluation of the system in Chapter V,
would appear to be economically feasible at a run-of-mine value of $18
a ton. Consequently, a testing of this system is justified.

Recommendation 8 - Surface Mining

That research and development to demonstrate the feasibility and
possible improvements in surface mining methods be performed in the following
areas:

a. A better determination of the extent of coal reserves at depth by a
deep drill ing program. Initially this should be in selected areas as
discussed under Recommendation 6. The advantage of the drilling
program would be the determination of the economic and technical
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limitations of extracting anthracite by deep pit mining methods. As
surface mJningis generally cheaper and a more competitive extractive
method, knowledge of the coal conditions could expand the quantity of
coal retrieved by surface mining. The demands on fuel sources,
particularly among the utilities, warrants this investigation on the
high quality, and potentially competitive, anthracite.

b. In conjunction with the deep pit mining concept, investigate tech­
niques for ~he stabilization of pit walls. The present methods of
stabi1 ization necessary for the protection of men and machinery may
require the removal of inordinate amounts of material beyond the pit
area. New techniques of rock pinning and other stabilizing development
could allow for steeper walls without reducing necessary safety condi-
tions. The potential reduction in extraction costs would be substantial,
with the result that greater quantities of strippab1e reserves might
be competitively captured.

c. Investigate improved methods of blasting rock overburden in order to
achieve better fragmentation. Since the handling of oversized rocks
can occupy upwards of 25 percent of a man day" substant i a 1 quant i ties
of coal are not retrieved and, consequently, profits are reduced.
The costs associated with handling oversized rocks can amount to
direct losses of approximately $75,000 per year for a single machine
and operator.

d. Where possible, it is recommended that governmental programs to
backfill abandoned strip mines be coordinated to reduce water flow to
active deep mines as well as to abate acId mine drainage.

e. There is some problem, due to MESA rules, on the protection of crossing
points on trailing cables from electrified strip mining equipment.
Development of an economical and safe method of protection for the
cables would assist theinclustry as well as provide obvious safety
factors.

Recommendation 9- Research on Anthracite U~es

That a series of Research and Development projects be initiated to
study the pass ib 1e increase in the use of anthraci teo The needs for such
studiesarediscLlssed in Chapter III.

GasificatiOn

a. Invest iga~e poss Lb1 e improvement$ of fi xed-bed gasi f iers for
prOcessindustd es and prov ide. assis tanceto processindust ries
in retrOfitting.
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b. Evaluate scaling up the ignifluid process for conversion to a
gasifier.

c. Develop gasifiers to burn any type of coal, including run-of­
mine.

d. Demonstrate and evaluate the potential of in~situ gasification
(and/or steam generation) through controlled mine fires.

Combustion

e. Investigate better methods of burning anthracite, especially in
large boi lers.

f. Develop methods to solve particulate emission problem.

Industrial Uses

g. Investigate increased use as an industrial carbon.

h. Investigate increased blending with metallurgical coke in ferrous
industries and with bituminous coal in the coking process.

Essentially most, or all, of these studies can be organized under the
purview of the proposed Anthracite Mining Authority and partially conducted
at the proposed Anthracite Research Laboratory (Recommendation 10) facility.
In addition, universities and private research firms might also provide
substantial contributions to increasing anthracite usage.

The benefits from research on expanded anthracite uses appear to be
substantial. Gasification, for instance, is a good illustration. It has
been estimated that upwards of 800,000 employees could be laid-off as a
result of gas curtailments in the mid Atlantic Region (refer to Chapter III).
If, say, only one percent of this number could remain employed with the use
of gasifiers to convert anthracite to low-BTU gas, then an estimated $31 mil-
lion annually could be saved in unemployment benefits alone. (800,000
employees x one percent x $75 weekly unemployment payment x 52 weeks)

Roughly one to one and one-half mill ion tons of anthracite annually
would be required for this conversion.

Pennsylvania alone could be faced with 45,000 lay-offs from a gas
curtailment estimated at.about 20 percent statewide. The magnJtude of the
natural gas shortage makes imminent the need to develop or improve alterna­
tive gas producers in advance of second and third generation gasifiers
expected in about 1985. Anthracite is ideal for this use.
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As has been noted the utilities offer the best opportunity for revita1­
izingthe anthracite industry. However, if the utilities are to consume
large quantities of anthracite, as shown in Chapter II I, then improvements
in combustion technology is critical. The stark alternative is a further
continuation of anthracite dec1 ine.

Environmentally, the .burning of low sulphur anthracite is preferable
and consistent with the effort to improve the quality of .1ife. To the
utilities, an 800 megawatt anthracite burning plant, as opposed to a similar
size bituminous burning plant, would not require an investment of $40-$80
million for sulphur dioxide scrubbers.

Finally, as illustrated in the example in the following recommenda­
tion, an expansion of. anthracite use. in the coking process has excellent
potential. It is conceivable that a ten percent share of the coke making
market for anthracite would increase demand by six to eight m.i1lion tons
annually.

In each instance the expansion potential of anthracite use appears to
be great, and possibly critically necessary, for many natural gas consuming
utilities.

Recommendation 10 - Anthracite Research Laboratory

That a study be performed to consider the need for an anthracite
testing and research laboratory.

for
such
gasifi­
in
The

research
Anthracite

There are several forms this laboratory could take. It could,
example, be confined to the more traditional type of laboratory work
as exploring better methods of combustion, metals beneficiating,and
c~tion procedures. Or it could also be a hardware evaluation unit,
which case a demonstration mine would come under .its jurisdiction.
laboratory, if found feasible, would be the nucleus for conducting
on anthrac i te extraction and uses and .cou1d be administered by the
Mining Authority.

As a 1abora.tory faci1 i ty, further research could be conducted on the
blending of anthracite and bituminous coals, partIcularly in the production
of metal 1urgi cal. coke. Various studies have shown that the· strength and
stab i 1i tyofcoke is improved by blending anthracite wi th bi tumi nous coal.
If the anthracite input Were to amount to, say, ten percent ofthe annual
coke production, a market fors ixtoe ight m illiontons of anthracite
annually would be. established .. A market of this size would add substantially
to the rev ita 1izatIQn of the industry. .

Researchonfrnproving f ixed-bed>gasTfler procedures for process
i ndustrles.wouldhavesignifi cant benefitsforboth the. directly dependent
natural gas consuming industries and the supporting service<and product
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industries. The very real unemployment situation induced by natural gas
cutbacks could be tempered by utiziling coal conversion units (see Recommen­
dation 9). Other research efforts could include:

methods to develop lower costs of acid mine drainage treatment
methods to develop lower costs of land reclamation
methods to economically capture methane gases. (The Pennsylvania
State University studies on methane drainage should be evaluated
as to their effect on anthracite development and extraction in
addition to the possible energy value of the methane).

Further examples of the types and range of research and development
(and their associated benefits) that could be carried out by a testing and
research laboratory are discussed in Recommendations 8 and 9.

Recommendation 11 - Coal Sizes

That the industry develop standards for the preparation and marketing
of coal into fewer sizes. For example, these could be 3~ inches to
1 inch; linch to i;- inch; below i;- inch. This could be a subject for
study by the proposed Anthracite Mining Authority.

Two direct benefits to the industry are derived from this suggestion.
First, preparation costs would be reduced and, second, storage requirements
and costs would also be less. El imination of a number of sizes el iminates
an equal number of processing steps. Since slow selling sizes frequently
must be sold at cut-rate, and since the markets do not indicate a need for
many of the sizes, the operators· profits would be greater with a reduction
in the gradations.

Of equal importance to both the operator and a potential stockpiling
program are the excessive storage requirements with current sizes. If the
stockpile is to operate efficiently it would be directly ben~ficial to have
the least number of separate stores as would be compatible with market
needs. As noted, it would appear that three to, perhaps, five sizes would
be suff i c ient.

Recommendation 12 - Manpower Training Program

In order to overcome the shortage of labor in both the strip and deep
mining portions of the industry, a training program should be initiated.

The programs that have been started by the Commonwealth of Pennsyl­
vania and some of the Vo-Tech schools should be encouraged and intensified.
In this connection, more on-the-job training, or at least more exposure to
actual conditions, is considered vital.
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As new mines are developed, these programs should be expanded into
systematic on-the-job training. As the pool of trained persons is developed,
cadres of skilled workers would be assigned to new mines to assist in
development and training.

It is further recommended that the universities with mining schools
evaluate the adequacy of the number of their graduates, especially those
interested in coal mining, and adjust their programs accordingly. It is
recommended that optional courses in anthracite mining be offered.

Training courses should not overlook the management shortage that will
be accentuated as production rises.

Once again this recommendation could incorporate the involvement of
the Anthracite Mining Authority. As future manpower needs are identified,
the Authority could propose the types of skills required and the direction
the training or educational program should take. The administration of
this and the various other recommendations under the aegis of the Authority
would assure the necessary coordination in achieving a balanced and directed
rev i ta I i za t ion.

Each of the above recommendations separately done would tend to improve
the chances for achieving anthracite revitalization. Some, of course,
would have a greater impact than others. For instance, the Consultant
believes that a stockpiling program would have a very substantial impact on
market stability. Combustion improvements, research on possible uses and
development of mechanical mining systems would also substantially improve
the competitive posture of the industry.

The recommendations, nonetheless,are presented as mutual activities.
That is, the potential impact of all the activities >is greater than the sum
impact of the individual activities. In thislight,the Consultant proposes
that all or most of these recommendations be implemented.

It is further suggested that immediate attention and, where possible,
immediate action be given·to these recommendations. Whereas some of the
recommendations are of a more imminent consideration than others (for
example, manpower training could be partially delayed to more fully evaluate
the skills that future mining efforts will demand), the greatest impact can
be assured by quick action.
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INTERVIEWS AND CONTACTS

The following is a list of interviews and other contacts. In the
case of most of the utilities and industries shown, a letter similar to
that shown on page P-A-13 was mailed to the president of the company. As
wi 11 be seen, response was excellent. The notation "l e tter ll indicates
that the initial reply was an adequate response, and no further contact
was deemed necessary.

Many interviews were, due to time and distance constraints, made by
telephone. Both the telephone and personal interviews were, almost without
exception, very fruitful. Those interviewed responded willingly and openly,
and the information gathered has been used in developing this report. As
will be noted elsewhere, there is a great interest in keeping the anthracite
industry al ive and well.

u.S. GOVERNMENTAL AGENCIES

u. S. Railway Association
Washington, D.C.

U. S. Bureau of Mines
Wilkes-Barre, Pa.

u. S. Bureau of Mines
Washington, D.C.

Interstate Commerce Com­
mission, Washington, D.C.

U. S. Geological Survey
Harrisburg, Pa.

Defense Fuel Supply Center
Alexandria, Va.

Mine Enforcement and Safety
Administration, Wilkes­
Barre, Pa.

Nature of
Contact

Interview

Interview

Interview

Telephone

Telephone

Telephone

Interview

P-A-l

Person(s) Interviewed

Harry R. Davis, Director of
Facilities, Education and
Planning

Charles S. Keubler
Ralph H. Whaite
Wi lbert Malenka
Ivo r Wi] 1iams

Lowell Gibbs, Staff Engineer

Mr. McCarthy, Section of Tariffs

Douglas Growitz, Ground Water
Section

Erik J. Ortmann

John Shutack, Director
Jerry Fortney, Ass1t Director

and Others
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Office of Coal Research,
Washington, D.C.

Appalachian Regional
Commission, Washington, D.C.

Nature of
Contact

Interview

Interview

Person(s) Interviewed

William G. Wilson, Paul Musser,
Mr. Wheeler, Mr. Grua

Dr. David R. Maneval

PENNSYLVANIA GOVERNMENTAL AGENCIES

Office of State Planning and
Development

Pennsylvania Topographic and
Geologic Survey

Governor's Energy Council

Public Utility Commission

Department of Transportation

Department of Environmental
Resources

Bureau of Deep Mine Safety

Interview

Interview

Interviews
(3)

Interviews
(2)

Interview

Interview

Interviews

P-A-2

Robert Sidman, Coordinator
Fritz Fitchner
Robert Dennis, Comprehensive
Planning Supervisor

Martin Margolis, Special
Assistant

William Edmunds, Chief Coal
Geologist

William B. Harral, Executive
Director

Hobart King, Ray Holst

Ray A. Peteritas
John Keiter, Bureau of Trans­
portat ion

Edson L. Tennyson, Deputy
Secretary for Local and Area
Transportat ion

Walter N. Heine, Associate
Deputy Secretary, Mines and
Land Protection

Catherine Miles, Statistical
Division

JamesJ. Shober, Director
Will iam Darkes, Admin. Assistant
Inspectors - Steven Boyer, Leon
Brass, Joseph Hallaburda,
Arthur Hand, Clarence Kashner,
Clarence Miller, Leonard Rogers

Electrical Inspector - Wi 11 iam
Buggy



Bureau of Surface Mine
Reclamation

Department of Commerce

Department of Education

Industrial Development
Author i ty

Department of Community
Affa irs

UTILITIES

Atlantic City Electric Co.

Baltimore Gas & Electric Co.

Central Hudson Gas & Electric
Company

Delmarva Power & Light Co.

Duquesne Light Co.

Nature of
Contact

Interview

Interview

Interview

Interview

Telephone

Letter

Telephone

Telephone

Letter

Person(s) Interviewed

George Stirling, Chief
Inspectors - Tony Latz, William
D. Manner (Rt'd), Robert Whitmer

Robert D. Laughlin, Bureau of
Scientific and Technical
Development

Robert Smigel, Director, Bureau
of Statistics

Dr. M. W. Podvia, Chief,
Retraining Section, Bureau of
Continuing Education

John S. Cole, Executive Director
Ronald A. Lloyd, Economic Devel­
opment Loan Specialist

Thomas Lynott, Regional Coordin­
ator, Bureau of Human Resources

H. C. Schwemm, Jr., Superintend­
ent, Power Economics

A. E. Lundvall, Vice President,
Supply

No reply

Roger Campbell, Ass't. to Vice
President of Power Generation

Stanley G. Schaffer, President
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General Public Utilities
Jersey Central Power & Light Interview

Company
Metropolitan Edison Co. Letter

Pennsylvania Electric Co.

P-A-3

J. W. Peters, Research Engineer

J. F. McConnell, Manager,
Research and Development



New York State Electric & Gas
Company

Niagara Mohawk Power Co.

Northeast Utilities Service
Company

Nature of
Contact

Telephone

Letter

Letter

Person(s) Interviewed
or Signers of Letters

A. R. Boyd, Vice President of
Purchasing

H. D. Philipp, Director, Research
and Development

William G. McCauley, Manager of
Fuel Supply

Orange & Rockland Utilities Co. Telephone

Pennsylvania Gas & Water Co.

Pennsylvania Power & Light Co. Interview

Philadelphia Electric Co. Interview

Pottsville Gas Co. Letter

Public Service Electric & Letter
Gas Co., Newark, N.J.

Rochester Gas & Electric Co. Letter

United Gas Improvements Corp. Interview

INDUSTRY (OTHER THAN COAL)

Alabama Byproducts Corp.
Birmingham, Alabama

John Small, Ass't to Senior
Vice President

No reply

John T. Kaufman, Vice President,
System Power and Engineering

Dr. Heinz G. Pfeiffer, Manager,
Technology and Energy Assessment

J. L. Hankins, Vice President,
Electric Production Department

John H. Ware, 3rd., President

Robert M. Crockett, Vice Presi­
dent - Fuel Supply

R. A. Conversi, Fuel Buyer

Richard Demmy, Vice President
Robert Casselberry

No reply

Aluminum Company of Canada,
Ltd., Montreal, Canada

Al len Wood Steel Co.
Conshohocken, Pa.

Letter

Telephone

P-A-4

G. W. Brian Rickerby,

A. Lagomarsino, Director of
Planning



Nature of
Contact

Person(s) Interviewed
or Signers of Letters
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Allied Chemical Corp.
New York City

Bethlehem Steel Corp.
Bethlehem, Pa.

Carb idie
McKeesport, Pa.

The Carborundum Company
Niagara Falls, N.Y.

Coalcon Corp.
New York City

Letter H. W. Schultze, Group Vice
President

Interview L. B. Gray, Jr., Vice President
and General Manager of Coal
Mining

J. J. Shigo, II I, Ass1t Manager
for New Projects Development

A. McDonald
Kei th Barlow

Letter E. S. Hilty, General Manager

No reply

No reply

Coplay Cement Co.
Nazareth, Pa.

E. I. du Pont de Nemours &
Co., Wilmington, Del.

FMC Corporation
Medi a, Pa.

Glen-Gery Corporation

Great Lakes Carbon Company
New York City

Hercules Cement Company

Hooker Chemical Corporation
Niaga ra Fa 11 s, N. Y.

Jones & Laughlin Steel Corp.
Pittsburgh, Pa.

Koppers Company
Pittsburgh, Pa.

Interview

Telephone

Letter

Interview

Telephone

Telephone

Letter

Telephone

Telephone

P-A-S

Dean E. Sandbrook, Vice Presi­
dent

H. G. Shulby, Manager, Energy
Section

R. S. Johnson, Purchasing Agent

R. W. Dammann, Vice President

F. B. Fontana, Manager, Supply
and Distribution

Office of C. C. Amy, Purchasing
Manager

N. H. Kirchgessner, Director,
Energy Planning & Procurement

Richard Lukehart, Manager of
Production Materials

Lawrence Nagle, Manager, Foundry
Products



Lehigh Portland Cement Co.

Lone Star Industries, Inc.

Lukens Steel Co.
Coatesville, Pa.

Medusa Cement Co.
York, Pa.

Merck & Co., Inc.
Rahway, N.J.

New Jersey Zinc Co.
Bethlehem, Pa.

Philadelphia Coke Co.

Phoenix Steel Corporation
Phoenixville, Pa.

Nature of
Contact

Telephone

Telephone

Telephone

Letter

Telephone

Interview

Telephone

Person(s) Interviewed
or Signers of Letters

R. E. Jones, Director of
Purchasing

Mr. Brienig, Purchasing

Edmond Pfeiffer, Director of
Purchasing

Daniel E. Somes, Ass't Vice
President, Manufacturing

J. L. Mcintosh, Purchasing
Agent

A. E. Owens, Ass't Manager,
Purchasing

Wi 11 i am Nordell, Purchas i ng
Agent

James P. Templin

No reply

P. H. Glatfelter
Spring Grove, Pa.

Quebec Iron & Titanium Corp.
Quebec, Canada

Union Carbide Corporation
New York City

United States Steel Corp.
Pittsburgh, Pa.

Wyandotte Corporation
Wyandotte, Mich.

Letter R. S. Leonard, Purchasing
Director

Interview J. M. Herndon, General Manager
A. P. T. Edwards, Director of
Materials and Traffic

Telephone A. L. Cerda, Purchasing

Interviews J. G. Munson, Ass't to Exec.
Vice Pres., Coke & Coal Chemi­
cal Operations

Mr. Boisture, Purchasing

Telephone Richard Reddington, Purchasing
Manager
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COAL INDUSTRY

Nature of
Contact Person(s) Interviewed

Wilmot Engineers, White Haven

F. & D. Coal Sales

Blue Coal Corporation

Swatara Coal Company

Paul Slatery

Hegins Mining Company

Kerris & Helfrick, Inc.

Bush Mining Company

Knorr Coal Company

Lucas Mining Company

M & K Coal Company

Colket Coal Company

Leroy Snyder Coal Company

Mercury Coal Company

Tracy Coal Company

Leon Kocher Coal Company

Superior Coal Company

Pine Creek Coal Company

Manbeck Dredging Company

New St. Nicholas Breaker

Beechwood Cleaning Plant

Interview M. R. Jeppsen, Chief Engineer

Interview Dominic Forte - Broker

Interview Charles Zink

Interview William Parker, President
Frank Parker, Secretary

Interview Paul Slatery - Broker

Interview Earl Kiefer, President

Interview Robert Kerris, Corp. Officer

Interview Earl Bush, Owner

Interview Leroy Knorr, Jr., Partner

Interview Larry Lucas, Partner

Interview Russel Kerstetter, Partner

Interview John Messaros, Partner

Interview Leroy Snyder, Owner

Interview Leon Richter, Corp. Officer

Interview Mike Dudash, Partner

Interview Robert Rissinger, Corp. Officer

Interview Roy Blyler, Owner

Interview Ronald Klinger, Owner

Interview Charles Manbeck, Owner

Interview Inspector Robert Whitmer

Interview Inspector Robert Whitmer

P-A-7
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Pine Forest Cleaning Plant

Ryan Contracting Company

Acme Coal Company

D & R Coal Company

Harner Coal Company

Hatter Coal Company

Kintzel Brothers

Koppenhaver Coal Company

P & M Coal Company

S & T Coal Company

S & K Coal Company

Shomper Coal Company

Smeltz Coal Company

Underkoffler Coal Company

Wi lliamson Coal Company

Wilson Coal Company

Marl in Zimmerman Coal Co.

Franklin Coal Company

Meadowbrook Coal Company

Oakwood Coal Company

Schneck Coal Company

Bell Coal Company

Dale Coal Company

Nature of
Contact

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

Interview

p-A-8

Person(s) Interviewed

Inspector Robert Whitmer

James V. Ryan, Jr., Corp. Officer

Joe Reho, Partner

Tony Donofrio, Partner

Roy Harner, Partner

Jacques Hatter, Corp. Officer

Nathan Kintzel, Partner

Howard Koppenhaver, Owner

Warren Porter, Partner

Peter Poletti, Partner

Palmer Klinger, Partner

Russell Shomper, Partner

Clair Schwalm, Partner

Glenn Underkoffler, Partner

A. R. Wi lliamson, Corp. Officer

Edward Twiggar, Superintendent

Marlin Zimmerman, Owner

Frank Miller, President

Leslie Kimmel, Owner

David Deaven, Owner

Thomas Schneck, Owner

John Butcavage, Owner

John Schumacher, Superintendent



Nature of
Contact Person(s) Interviewed
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Wi 11 iams & Joy

Bernitski Bros. Coal Co.

K & K Coal Company

Pagnotti Enterprises

Fireside Mining Company

Zekrewsky Coal Company

Locustdale Mining Company

Pewor Coal Company

Southern Carbon Corporation

Beltrami Enterprises, Inc.

Brook Contracting Company

Glen Burn Colliery, Inc;.

Harman Coal r.ompany

Metzinger Coal Company

North Line Coal Company

Olenick Bros. Coal Company

Sharp Mountain Coal Company

Sunshine Coal Company

W. & W. Construction Company

K & S Coal Company

Palcovich Coal Company

Wolfgang Bros. Coal Company

S & N Coal Company

Interview Evan Williams, Partner

Interview George Stenulis, Partner

Interview Ben Kuperavage, Partner

Interview James Tedesco, Vice President

Interview Marvin Kimmel, Superintendent

Interview Peter Zekrewsky, Owner

Interview Harry David, Partner

Interview Walter Pewor, Owner

Interview George Clark, President

Interview Joseph Beltrami, Corp. Officer

Interview George Racho, Corp. Officer

Interview Joseph Parker, Superintendent

Interview John Harman, Owner

Interview Donald Metzinger, Owner

Interview C. Wayne Troxell, Superintendent

Interview Nick Olenick, Partner

Interview Norman Wolf, Partner

Interview Ralph Steinhart, Retired Owner

Interview Joseph Walacavage, President

Interview Allen Kramer, Partner

Interview Paul Palcovich, Owner

Interview Lester Wolfgang, Partner

Interview Skrepnick & Niadna, Partners

P-A-9
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Nature of
Contact Person(s) Interviewed

Donaldson Coal Company Interview Bob Wo lfgang , Pa rtner

K.H. & K. Coal Company Interview Sorobich and Zabrewsky, Partners

P and H Coa 1 Company Interview Walter Pewor, Owner

Walaitis Coal Company Interview John Walaitis, Owner

Mountain Top Coal Company Interview Bi 11 Vassay, Owner

Woratyla Coal Company Interview Andrew Woratyla, Owner

Kl inger Coal Company Interview Earl Klinger, Owner

LABOR UNIONS AND ASSOCIATIONS

United Mine Workers of
Amer i ca

Independent Miners and
Associates

Independent Miners, Breakers
& Truckers Association

UNCLASSIFIED

Interview

Interview

Interview

Walter Kraska, President
Will iam Savitsky, District

President

Clyde Maskamer, President
Henry Bowman, Vice President

Wi 11iam Heitzman

The Pennsylvania State
University

Economic Development Council
of Northeastern Pennsylvania

Interview Dr. R,ichard Gordon, Chairman,
Mineral Economics Dept., College
of Earth & Mineral Sciences

Interview Dr. Robert Essenhigh, Combustion
Laboratory

Dr. Nicholas Miskovsky
Dr. Leonard Austin

Interview Dr. Robert Stefanko, Ass't Dean,
College of Earth & Mineral
Sciences

Interviews Walter Chappel
Austin Burke

P-A-10



Nature of
Contact

Reading Company Telephone

MMI Preparatory School Letter
(M ini ng & Meehan ica I Ins t. )
Freeland, Pa.

Penn Central Railroad Letter
Philadelphia, Pa.

Telephone

Central Railroad of New Jersey Letter
Newark, N.J.

Lehigh Valley Railroad Telephone

Erie Lackawanna Railway Co. Telephone
Hoboken, N.J.

Delaware & Hudson Railroad Telephone
Albany, N.Y.

Embassy of France Letter
Washington, D.C.

Embassy of Israel Letter
Washington, D.C.

Embassy of Italy Telephone
Washington, D.C.

Embassy of Japan Letter
Washington, D.C.

Embassy of Yugoslavia
Washington, D.C.
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Person(s) Interviewed

A. W. Nemenz, Asst. Vice President
A. V. Nowakowski, Manager, Coal

Marketing

Ralph E. Whitmer, Librarian

Mr. J. T. Bodel, Director, Coal
and Ore Pricing

Charles Wolfinger, Asst. Vice
President, Coal and Ore

P. J. Turnbach, Manager - Pricing

Mr. Storr

R. J. O'Grady, Coal Traffic
Manager

Michael Gilcrest
T. 0 I Br ien

Reply from French Mining, Chemi­
cal and Allied Industries, Mr.
J. Faucounau

Chaim Even-Zohar, Assistant
Economic Counselor

Mr. Ricci

Kathy Imler

No reply

Smithsonian Institution
Washington, D.C.

Coal Mine Compensation Rating
Bureau of Pennsylvania
Ha rri sbu rg, Pa.

Interview

Interview

P-A-ll

Dr. John Hoffman

Gene Buzby, General Manager



Pennsylvania Coal Mining
Association

Keystone Bituminous Coal
Association

Concurrent Studies

HRB-Singer

North American Galis Corp.
Morgantown, W. Va.

Cobbs Engineering Co.
Tulsa, Oklahoma

Nature of
Contact

Interview

Interview

Telephone

Telephone

Telephone

P-A-12

Person(s) Interviewed
or Signers of Letters

Franklin H. Mohney

Henry Brown

William Knuth, Project Manager

Alexander Galis, President

James Cobb, Vice President
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July 24, 1974

Mr. Jack K. Busby, President
Pennsylvania Power & Light Company
901 Hamilton Street
Allentown, Pa. 18101

Dear Mr. Busby:

This company has been retained by the U. S. Bureau of Mines to study the
revitalization of the anthracite industry in Pennsylvania.

In the course of the study, it will be necessary to determine what can be
done to increase the production of anthracite at a cost that is economically
attractive to potential purchasers.

At the same time, we have to attempt to identify potential markets so as to
determine a reasonable rate of production for the anthracite industry.

As you wi 11 read i 1y app rec iate we have some th i ng of a I'ch i cken and egg II
situation, and we are endeavoring to obtain from potential users not commit-
ments but serious indications of possible future uses of anthracite. I
might emphasize that we are advocating long term commitments so that both
the producers and the users will be able to plan on a continued flow of coal.

As this matter could be of considerable interest and benefit to the Pennsyl­
vania Power & Light Company, especially as your service area coincides very
closely with the Anthracite Region, we are addressing this letter directly
to you, with the request that we may meet either with yourself or with whom­
ever you may designate, to discuss this matter in more detail.

We look forward to your assistance and cooperation in this matter.

Very truly yours,

F. Heywood Marsh
Senior Vice President

FHM/mrp

c.c. Mr. Ralph H. Whaite

P-A-ll:

--·----P.O. BOX 1943 • HARRISBURG, PENNSYLVANIA 17105 • TELEPHONE (717) 238-9471-----­
OFFICE. 101 ERFORD ROAD, CAMP HILL, PENNSYLVANIA
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UNITED STATES DEPARTMENT OF THE INTERIOR

ADVISORY COMMITTEE ON SAFETY STANDARDS FOR ANTHRACiTE COAL MINES

Recommendations to the Secretary concerning the Federal Coal Mine Health and
Safety Act of 1969 as it would apply to Anthracite Coal Mines.

This plea for consideration will point to several instances where change
is an urgent need with substantive supporting documentation. It is being
made after thorough consultation with labor, management and technical people
knowledgeable in Anthracite mining and vitally interested in the Anthracite
industry and its ability to survive. Because of unique physical conditions
and current economic problems, implementation of the 69 Act creates difficult
problems for the Anthracite mining industry. The many problems are indig-
enous to the Anthracite field and are of such magnitude that the existence
of the industry is endangered.

Some of the problems in need of urgent attention follow:

Sec. 303 (a) - This section requires that all coal mines be ventilated
by mechanical ventilation equipment. Application of Sec. 303 (a) may
directly affect 50% of the underground industry.

The problem in gaining compliance with this prOVISion is largely econ-
omic; however, technical difficulties are anticipated. To provide mechani-
cal ventilation, the operator must obtain and install a main fan of adequate
capacity and provide a suitable mine ventilation system. On the basis of
cost, fan acquisition and installation may represent a small portion of the
total expenditure involved. In naturally ventilated shallow mines, airflow
is often broadcast through underground openings without control. In such
cases, installation of a mechanical ventilation system wil I require the con­
struction of stoppings, seals, regulators and overcasts to provide adequate
control and effective use of intake air. The cost of such construction can
be expected to greatly exceed initial fan costs. In addition, time required
to gain compl iance with Sec. 303 (a) wi II vary from mine to mine and will be
directly related to the amount of underground construction required and
natural or manmade conditions existent at construction sites.

The mines affected by this provision are smal I operations with limited
available capital. Many will not have access to necessary experienced
technical people to determine required fan capacity or to design a ventila­
tion system acceptable to the District Managerls desire or the federal inspec-
torsi interpretation. Even if this were possible, the financial encumbrance
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in most cases would mitigate against such an outlay and would result in many
more complete closures of operating mines. Thus a modification of this
portion of the Act must be given immediate attention.

Sec. 303 (b) - Representatives of operators, labor and technical people
contend that specified minimum air quantities required by this section to
be present in the last open crosscut (9,000 c.f.m.) and at each working face
(3,000 c.f.m.) are excessive and illsuited where development results in
which fullbox breast mining is practiced. It is generally conceded that,
although the area of the manways is limited and may be as 1ittle as 7 to 9
square feet, 3,000 c.f.m. of air can in most cases be delivered to the
working face without excessive air velocities in the breast manways. How­
ever, the requirement that 9,000 c.f.m. of air reach the last open crosscut
in a set of breasts is considered a major operating problem in such mines.
Representatives of operators, labor and technical people contend that air
quantities of this magnitude will, in instances, when not necessary for methane
control, lead to excessive air velocities and airborne dust resulting in
a diminution of safety in the affected area. You must be aware that explo-
sive dust is not a problem in Anthracite, methane has never been found in
most of these mines and respirable dust levels are at a utopian range l.O
mg/m3 or less. This should be evidence enough that ventilation is, and
has been, of ample sufficiency without other restrictive impositions.

Sec. 303 (c) - We contend that regulations appended to the statutory
provIsion [303 (c) as published in the Federal Register, Part 75, Sec.
75.302-4 (a) ] are inappropriate and unnecessary.

Sec. 75.302-4 (a) deals with auxiliary fans and states, in part, liThe
fan shall be of a permissible type, maintained in permissible condition. 11

In the past the Anthracite industry has used nonpermissible auxil iary fans
installed outby the last open crosscut and operated blowing to the face
without any lesser degree of safety.

We strongly suggest this rule continue to apply without exception.

Sec. 303 (k) - This provision requires that air that has passed
through an abandoned area or an area which is inaccessible or unsafe for
inspection shall not be used to ventilate any working place in any mine.

Because of past mining practices and natural conditions, extensive
areas of broken ground and rubble may occur adjacent to existing mine
intake aircourses. Underground fan instal lations are frequently installed
in the mine openings inby such areas to prevent the loss of ventilating
air through the broken ground and rubble. In such installations intake
air enters the mine through the mine entry and through the broken ground
or caved area. Such installations may be in violation of Sec. 303 (k) and
past history in Anthracite, along with technical advice and assistance on
investigating this practice, indicates it is safe and practical.
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Field investigation of underground airflow in mechanically ventilated
underground mines may show that violations of Sec. 303 (k) are widespread.
If this is the case, the economic impact of this provison may prove over-
whelming. Although specific information is not currently available, this
provision of the Act is anticipated to be a major problem in the underground
Anthracite industry.

Sec. 303 (z) (2) - This prOVISion requires that aJ I areas of a coal mine
from which the pi lIars have been wholly or partially extracted and abandoned
areas shall be ventilated by bleeder entries, bleeder systems, or equivalent
means or be sealed. It further specifies that when sealing is required,
such seals shall be in an approved manner so as to isolate with explosion­
proof bulkheads such areas from the active workings of the mine.

The Anthracite region has specific problems of major importance directly
related to conditions resulting from past practices and natural conditions
and the economic and construction problems created by general application
of this provision could prove ~evastating.

Most deep Anthracite mines are operated in areas of prior mining and
in many cases active openings have penetrated extensive areas of broken
ground communicating with abandoned areas. Ventilation of the connected
gob areas under such conditions may often prove technically impractical and
construction of extensive tunnel-l iner type explosionproof seals may be
economically infeasible. This provision is one more example of unnecessary,
inequitable, regulations where Anthracite is concerned. Once again absence
of the explosive dust and methane combination indicates the need for flexible
interpretation and implementation if conditions warrant and should be
practiced.

On steep pitches in multiple level operations the developing level is
tapped into the abandoned levels above to provide water drainage from the
upper levels and reduce the hazard from inundation, should the barrier pillar
between levels fall. With this sytem of mining the upper levels do not
remain sealed and ventilation may not be adequate to fulfi II the intent of
Sec. 303 (z) (2) as expressed in the Dec. 16, 1969, Conference Report,
H.R. 91.761.

Sees. 303 (a), (d) and (z) (2) are considered critical to continued
operation of underground Anthracite mines. In some cases the cost to gain
compliance with these provisions may exceed the value of the mine. It is
urgently necessary to have this language modified for Anthracite immediately.
This is completely alien to safety in Anthracite mining and must be corrected
in language and implementation.

Sees. 305 to 310 inclusive - This portion of the Law may be a major
problem. We have not been able in the limited time available to do much
more than scratch the surface.
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Reportedly, all Anthracite underground electrical systems are ungrounded
low-voltage alternating currents. The power cables throughout the mine are
not in conduit or armor. These two items could have a very heavy financial
impact on the industry since they could require extensive changes in the mine
power distribution system. Meetings would be required between the Anthracite
industry's and the Bureau's electrical personnel to determine the extent of
this problem.

Whi le inspections, and conferences, are carried on notices of alleged
violations and subsequent civil penalties under these sections should cease,
except where proven imminent danger exists.

Sec. 312 - The Anthracite operators believe that requiring the map to
be brought up to date at least every 6 months causes a major hardship,
especially in many cases where only one or two breasts are mined in a 6-month
period. Because the operator must hire a certified engineer to bring the
map up to date and because of the scarcity of certified engineering personnel
in the Anthracite region, this creates an unnecessary burden and should be
modified and adds no safety factor.

Sec. 313 - Due to the method of Anthracite mining which approximates
the open slope mining of metal and nonmetallic mines being used as a basic
system, the blasting provisions of this Act do provide the industry with con-
siderable problems, especially when shooting off a vertical face. At times
they deem it necessary to shoot over 20 holes at one time.

It is hazardous for a man to try to face up each shot separately on a
steep pitch. At present there is no permissible blasting device for over
20 holes. In the long-hole method of mining, which is considered to be
one of the safest in steeply pitching veins by miners, operators, inspectors
and technical people, holes 40 feet long or more are fired, and when using
electric .detonators it is difficult to assure the full detonation of the
powder train; the full detonation can be assured with primacord. The
primacord would be totally confined in the hole the same as explosives.
suggest U.S. Secretary of Interior and Director of U.S. Bureau of Mines
sider modifications to allow use of primacord in Anthracite mines under
Bureau of Mines supervision.

Sec. 317 (e) - The material published in the Federal Register of Dec.
28, 1970 requires lighting on all mining machines. In some Anthracite mines
where air-driven machines are used at the face, there is no electricity in
that part of the mine. We do not think they should be required to put
the added hazard of electrical power wires in the face area for only 1ighting.
Comments prepared under the supervision of highly qualified people presented
to the U. S. Bureau of Mines in Washington, D.C. on August 25, 1971 were
apparently overlooked. We suggest the U.S. Secretary of Interior and the
Director of the U. S. Bureau of Mines make a careful study of these submis­
sions and modify the regulations accordingly.
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Sec. 75.200 - Roof Control - The general information required in roof
control plans include many unnecessary and superficial items, causing addi-
tional clerical and engineering work. Due to the unique mining methods
in Anthracite this poses an undue hardship on the Anthracite industry and
should be changed after consultation without undue delay.

Sec. 75.300-2 (g) - We suggest this section be modified to include the
following language. In Anthracite mines underground installations of main
fans may be accepted and approved as an adequate means of mechanical ventila­
tion so long as a constant and adequate supply of air totally free of methane
and meeting qual ity criteria of the Act is provided.

Sec. 75.300-2 (h) - We suggest this section be modified to include the
following language. Booster fans shall be installed in fire resistant sur­
roundings and in such locations as to prevent recirculation of the ventilat­
ing current.

Sec. 75.300-2 (i) - We suggest this section be modified to include the
following language. If a booster fan stops an alarm device will be attached
to booster fans that will be automatically activated if the fan stops.

Sec. 75.300-2 (j) - We suggest this section be modified to include the
following language. Following any disruption in the ventilating current,
no workmen will be allowed to reenter the active workings of the mine until
reestabl ishment of the ventilating circuit and after examination by a certi­
fied person.

Sec. 75.300-3 (a) - In many smal I mines in the Pennsylvania Anthracite
area the mine electrical power is de-energized at the source when no men are
in the mine, particularly overnight, weekends and idle periods. A pre-shift
examination is made after the fan is in operation, before the mine power is
energized or workmen enter the mine. This, we feel, is adequate protection,
and continuous operation of the fans causes undue hardship and is unnecessary
in the cause of any safety factor.

Sec. 75.3003-3 (a) (4) - We suggest this section be modified to include
the following language. Except in the event of de-energization of the mine
power supply and all men are withdrawn from the mine. In such case the fan
will be operated for a period sufficiently long to change the volumes of air
in the mine atmosphere. An examination of the active workings of the mine
will be made before the mine power is energized.

OR

Sec. 75.300-3 (a) (4) - All main fans should be kept in continuous
operation except during periods of non-working time when al I men are with­
drawn from the mine and the mine power system is de-energized. To provide
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for resumption of work restoration of ventilation shall be establ ished after
which all working places and other active workings where methane is 1ikely
to accumulate are examined by a certified person and before the mine power
is energized.

Sec. 75.301 - There is no objection to most of the requirements of the
quantity, qual ity and velocity of air in the statutory provisions of 75.301.
However, the requirement of 9,000 cubic feet a minute in the last open
crosscut, or 3,000 cubic feet a minute at each working face, without regard
for the cross-sectional area of entry, would cause other serious hazards,
from the high vel~city necessary to produce the quantity of air.

A 3' x 3' manway to full box places in heavy-pitching Anthracite seams,
would necessitate 1,000 feet per minute velocity, which is more than 2 times
the recommended velocity for the safe use of a safety lamp. It would also
cause numerous other hazards which would make unsafe working conditions and
this matter should be immediately considered for corrective language without
delay.

Sec. 75.301 (a) - We suggest this section be modified to include the
following language. In Anthracite mining systems where velocities and quan-
tities cited under 75.301 present hazards to the health and safety of the
miner, the volume of air shall be at least 200 c.f.m. for each person in any
split. This volume shall be considered a minimum requirement. Additional
air shall be provided as may be required to dilute adequately and carry off
flammable and harmful gasses and fumes.

Sec. 75.301 (1) (a) - We suggest this section be modified to include
the following language. In Anthracite mining practice a minimum quantity
of 200 c.f.m. of air per man shall reach each working face from which coal
is beihg cut, mined or loaded and any other working face so designated by
the District Manager, in the approved ventilation plan.

Sec. 75.301 (4) (a)
the fol lowing language.
have sufficient velocity
ives and noxious gasses,

- We suggest this section be modified to include
In Anthracite mining practice the flow of air shall

to keep the working face clear of flammable explos­
dust and explosive fumes.

Sec. 75.301-4 - The formula to be used to figure mean velocity increases
the actual velocity of the air traveling behind the brattice, without consid­
ering the qual ity of the air, or the quantity required to carry off and
render harmless all fumes and noxious gasses.

The requirement that auxiliary fans be equipped with permissible type
motors is unnecessary, we feel, in non-gassy mines when the fan is located
outby the last open cross-cut, in a manner to prevent the recirculation of
the air. We also question the necessity of this provision at all where no
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methane is ever found and contend this should be modified for Anthracite
mines now.

Sec. 75.302 (4) (a) - We suggest this section be modified to include
the following language. Except when such installation is used on intake
air and positioned outby the last open crosscut and provided methane is
not present in the intaking air current.

Sec. 75.302-4 - This should be modified so as to provide that in non­
gassy mines non-permissible type motors and fans could be used whether inby
or outby the last open crosscut. In gassy mines the non-permissible type
motors and fans should be allowed outby the last open crosscut.

Sec. 75.302-4 (d) - We suggest this section be modified to include
the following language. Except under Sec. 75.300-3 (a) when using auxili­
ary fans and following periods of idleness, the procedure establ ished under
Sec. 75.300-3 (a) shall be followed before starting auxiliary ventilating
equipment.

Sec. 75.302-4 (e) - We suggest this section be modified to include the
following language. Auxiliary fans in Anthracite mines shall not be used
when methane is present in the intaking air current.

Sec. 75.302-4 (f) - We suggest this section be modified to include the
following language. Except in Anthracite mining practice where the installa-
tion of line brattice or other approved device may become ineffective by
reason of fall ing coal.

Sec. 75.302-4 (g) - We suggest this section be modified to include the
following language. Except where measurable amounts of methane are not
present in the intaking air current and auxiliary fan operation is conducted
under the approved ventilation plan.

Sec. 75.303 - The requirement that the pre-shift examiner use an ane­
mometer on pre-shift examination, we feel, has been, and is, unnecessary.
Accurate tests to prove the absence of methane and oxygen deficiency, and
visual inspections of the other conditions of the place, have proved satis-
factory. Detailed studies of the ventilating currents should be made at
times other than the pre-shift examination. Pennsylvania Anthracite Mine
Law requires, and certifies, the miner make a thorough inspection of his
place immediately prior to starting work, and at periodic intervals during the
working shift. We feel this has proven more than adequate in Anthracite
and this section should be modified to reflect this position.

Sec. 75.304-3 - We'believe this section delegates too much authority to
the Coal Mine Safety District Manager and is superfluous because it is
covered in other sections of rules and regulations and that it should be
completely deleted in so far as Anthracite mining is concerned.
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Sec. 75.307 - We recommend that the qual ified persons to make methane
examinations should include certified miners in those states where the
state requirements provide that the miner be qualified to take such tests.

Secs. 75.500 - 75.501 - 75.502 - The Pennsylvania Anthracite Mine Law
and the U. S. Bureau of Mines, up until this time, recognized the distinc­
tion between gassy and non-gassy mines. Many Anthracite mines, not neces­
sarily above the defined water table, have worked for years, some completely
mined out without ever finding gas by any means including chemical analysis.
Large areas of the Anthracite coal fields have been completely free of gas
and Anthracite dust is not explosive, thus this hazardous condition is non­
existent in Anthracite.

Under these conditions, it is an unnecessary hardship to require
permissible-type equipment beyond the last open crosscut in those mines.
If it is safe to operate non-permissible equipment in those mines until
March 1974, why is it not possible to continue under the same regulations?
The gassy and non-gassy classifications should be based on whether or
not gas has ever been found in quantities of over 0.25% methane and we
strongly recommend modification under these sections to allow this in mines
so classified.

Sec. 75.503-1 (a) - This section should be amended so that the operator
of a non-gassy Anthracite mine shall not be required to complete the elec­
trical survey and electrical face equipment. The reason for this is that
in a non-gassy Anthracite mine the requirement is not relevant and the cost
to the small operators where it is not relevant does not seem to be valid.
This same observation or recommendation appl ies to Sec. 75.503 (b) and Sec.
75.504. Modifications to correct this matter are urgently requested.

Sec. 75.521 - Should be clarified as to what constitutes exposed power
conductors because without such a definition the remaining portions of the
sections is not understandable or, at least, is not clear. It is bel ieved
that this area so far as it affects Anthracite mines should be modified by
definitions and recommendations after thorough consultations with Anthracite
people knowledgeable on this matter.

We feel the entire portion of rules and regulations setting forth stand­
ards on electrical requirements must be reevaluated in the 1ight that the
use of electricity in Anthracite mining is completely on a different plain
in other coal mining and applicability of the various rules and regulations
set forth in the Federal Register are totally inequitable to Anthracite.

Sec. 75.1100-2 (c)-Z - Should be excluded in the case of Anthracite
mines where the main haulageways are driven in rock strata and no combustible
materials are found to be present. There is a distinction between the
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working sections in the Anthracite mines and other coal mines so that to
require the same fire fighting equipment in both does not make sense.
The failure to differentiate between the two types of mines has throughout
the regulations been permitted to cause an undue and unreasonable hardship
on the small Anthracite operations. Apparently no attention has been
given to the fact that there is no danger of explosive dust at any time
in Anthracite mining and reasonable modifications are totally justified for
Anthracite mines.

Sec. 75.1200 (d) - We contend that the requirement of spacing of con­
tour lines is impossible to comply with in heavy-pitching seams of Anthracite
mines and therefore this subsection should be amended in order to be reason­
able and in order for the engineers to give as much detail as is possible
under the circumstances without the restriction of 10 foot elevation levels.
Engineering people have advised that to comply with this requirement would
result in a complete black out in the steep pitch Anthracite areas mapped.
It is an urgent need on the part of your office to seek advice on this and
make necessary corrections.

Sec. 75.1200-1 (m) - We contend that the requirement to estab1 ish con­
tour lines on the mine maps, at the scale and intervals required, would be
impossible to plot on the map, or to distinguish on heavy-pitching Anthra­
cite seam maps. Engineering people have advised that to comply with this
requirement would result in a complete black out in the steep pitch Anthra-
cite areas mapped. It is an urgent need on the part of your office to seek
advice on this and make necessary corrections.

Sec. 75.1400 - No known effective safety catches have been developed for
use on mantrip cars on steep-pitching slopes. Until such devices have been
developed, this requirement should be eliminated from the Law.

Sec. 75.1403-8 (b) (c) - In thin, steep-pitching seams, in the Anthracite
area, it is impossible to maintain continuous clearance along the hau1ageways,
without blasting top or bottom rock of the seam, causing other, more serious
hazards.

Consideration should be given to the method of operating the haulage
equipment and the speed, the necessity for men to travel the haulageways
whi 1e the haulage equipment is in motion, the use of shelter holes along the
hau1ageway, man travelway, etc. We suggest your department refrain from
imposing the conditions under the above mentioned sections until a thorough
conference on the matter is held and correct information is considered.

Sees. 75.1404, 75.1404-1,75.1405,75.1405-1 - We contend that refer­
ence contained herein is to high-speed locomotives not used in Anthracite
mines. Further that the Secretary has the right to modify where safety
is not adversely affected under Pub1 ic Law 91-172-91st Congress. We feel
the Secretary without due course of a hearing should make the necessary
changes with knowledge that a distinction must be drawn between Anthracite
and Bituminous haulage systems.
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Sec. 75.1704-1 (a) (b) (c) 1,2 - The general criteria describing
escapeways as to height, width, stairways elevators, etc., does not consider
the steep-pitching multi-veins of Anthracite mines, including full box place
manways, rock holes, etc.

The fact that the District Manager may consider other escapeways could
take care of the situation. However, we feel the U. S. Department of the
Interior should immediately confer on this matter, and, after due course of
receiving technical advice, make the necessary changes so that there is
uniformity in application.
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